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VENEZUELA. 


The temperature varies with the elevation. 
excessive on the coast, but tempered by the sea breeze. 


It is 


of an ambiguity in a treaty made in 1691 bet ween 
Spain and the Dutch, in which it was agreed th.t the 


In the year 1499 a fleet of three Spanish ships, under | In the valleys of the Highlands of the Andes, above Orinoco colonies should belong to the Spanish, ang 


the command of Alonzo de Ojeda, sighted the coast of | 


mentioned, the temperature seldom rises above 71° F., 


Brazil, and, coasting to the northwest, they entered|and here are located the principal cities, including 


the large body of water known as the Lake of Mara-| 


On its shores they saw a city of dwellings, 
Recalling the dis- 


caibo. 
built above the water upon piles. 


tant city of Venice, they named this collection of|of between 10,000 and 15,000, and thirteen towns of 


Of the 
| descendants of the original tribes. those inhabiting 


savage huts Little Venice, or, in the native Spanish, 
Venezuela. The name subsequently came to be ap-| 
plied to the country lving between Lake Maracaibo 
and the Essequibo, and between the Caribbean Sea 
and the Valley of the Amazon. This vast region is 
much of it as yet unexplored, and aggregates some 
600,000 square miles in area, 

Topographieally, the country is capable of a three- 
fold division : 

1. The great basin of the Orinoco, a 
“diversified by mountain chains,” which 
ft. in height, rough and forest grown. 

2. The Hanos, or plains, 200 000 square miles in area, 
lying to the west and north of the Orinoco and reach- | 
ing to the delta. 

3. The mountainous northerly regions, which reach 
from the Colombian frontier to the Caribbean Sea and 
eastward to the mouths of the Orinoco. 

The llanos are a great stretch of prairie land, | 
which, barren of bush or tree, spreads out “as level 
as the surface of the ocean.” It is luxuriant with 
verdure under the winter rains, but scorched and bar- 
ren during the summer drought. 

These Hlanos afford a magnificent pasturage for! 
stock, and, before the war of independence, they sup- 
ported vast herds of cattle. 

The highlands, which are formed by the projecting 
spurs of the Andes, include several fertile and salu- 
brious valleys, which have an elevation of from 2,000 | 


tableland., 
rise to 8,000 


Caracas, with a population of 72,00): Maracaibo, with | 


45,009; Valencia, with 39,000; and Barquisimeto, with 
31,000. There are fourteen towns with a population 


between 5,000 and 8,500 inhabitants. 
Venezuela is inhabited by a mixed people. 


the region to the northwest of the Orinoco are peace- 
ful tillers of the soil ; while those who live in the coun- 
try inclosed by the bend of the river are in a savage 
State. 

The white population is of mixed 
Indian blood. The negro element, once enslaved, is 
now mixed by intermarriage with the other races. 
The census of 1891 showed the population to be 


2,300,000, of whom 325,000 were aboriginal; 100,000 of | 


these latter were yet in the savage state. 

The constitution of Venezuela is modeled after that 
of the United States. ‘There is a Federal House of 
Deputies and a Federal Senate, and each State has 
also a two-chambered legislature. There isa Supreme 
Federal Court of Justice and a Supreme Court of 
Appeal.” 


Free compulsory education was decreed vy the gov- | 


ernment in 1870, and in 1888 there were 1,979 schools 
with 100,000 pupils. 


The post office department handled, in 1888, 3.509, 000 
pieces of matter. This had increased to 6,000,000 
pieces in 1890. 

There were in 1893 4,000 miles of telegraph lines 
and 234 miles of operated railroad. New roads are in 
course of construction, 
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to 5,009 ft. These valleys are the most thickly settled | 
portion of Venezuela. 

The river Orinoco, * big water,” is well named, for 
“in breadth, in depth, and in the volume of the flood 
which it pours into the sea, the Orinoco is one of the 
giant streams of the world.” It can be navigated up 
to the foothills of the Andes. According to Interna- 
tional Trade, to the January number of which jour- 
val we are indebted for many of the facts in this 
present review, the basin of the Orinoco “is highly 
favored by nature; its natural means of communica- 
tion are unsurpassed ; its spontaneous vegetable pro- 
duets are pol in variety; its mineral wealth is 
enormous, The Orinoco basin could easily maintain a | 
yopulation of 100,009,000 souls in ease and comfort, 
hie actual population is less than 800,000.” 

The Orinoco system is navigable for a total distance | 
of 4,500 miles. 

The delta of the Orinoco, the shores of Lake Mara- | 
eaibo, and the lower slopes of the mountains are covered 
with a dense tropical forest, in which many of the more | 
precious woods abound. 

The mineral wealth of the country is vast and “has 
scarcely been touched.” There are rich mines of gold, | 
silver, copper, lead. iron, quicksilver, coal, salt and pe- | 
troleum. The annual output of gold, although gold | 
mining is as yet in its infaney, already runs into the 
millions, 

Agriculture is in a backward condition: and the | 
area actually ander cultivation constitutes but a small | 
fraction of the total cultivable land. 


ess 


The Venezue- | 
lans raise manioc and Indian corn for home use, and 
cotfee aud cacao for export. Of coffee raised for ex- 
port the total value is $12 000.000 and of caeao $3,000,- 
00. The annual export of hides amounts to $1,209,000. 
The total number of head of domestic animals in 1888 
was 17,000,000. The climate of Venezuela is marked 


by the usual tropical division into wet and dry seasons, 
respectively winter and summer, 


DISPUTE. 


The Lake of Maracaibo in the northwest is ‘‘a mag- 


|nificent body of fresh water,” with an area of 8,000 


square miles ; and it is navigable for large vessels. At 
the entrance is situated the town of Maracaibo, with 
45.000 inhabitants. 

Puerto Cabello, the next barbor to the eastward, is 
deep and sheltered, and is the port of the thriving 
city of Valencia. La Guaira is the port of the capital 
Caracas, which is 22 miles distant by rail. The mean 
temperature is 82 F., but as the air is excessively 
humid, the climate is “intolerable.” There is a road- 
stead, but no harbor proper at Guaira. 

In 1810 the Venezuelans rebelled against the Span- 
ish government. During the course of the strugg.e, in 
the year 1812, Caracas wasdestroyed by earthquake, and 
12.000 of its inhabitants perished. This calamity tempo- 
rarily broke the spirit of the people. The slumbering 


| fire broke out again in the form of a guerrilla warfare, 


which lasted for eleven years. The strife ended at the 
battle of Carabobo. when Venezuela became a part of 
the Republic of Colombia. Simon Bolivar, the first 
President of Venezuela, was the main instrument in se- 
curing the independence of the country. The land 
was devastated for five vears—1866-70—by a civil war, 
the outeome of a struggle between the Liberals and 
Conservatives. Indeed, the history of the-republic 
has been tumultuous in the extreme, and even in De- 
cember, 1895, insurrection was still rampant in many 
districts. 

The republic of Venzuela, which a few months ago 
possessed but little more interest for the American peo- 
ple at ‘arge than any other of the South Ameri an 
states, has of late become an absorbing topic of con- 
versation, and a lively source of debate. The occasion 
for this interest is to be found in the long standing 
* boundary dispute” between Venezuela and the ad- 
joining British colony of Guiana, which in the declin- 
ing days of 1895 was brought before the American peo- 
ple in a presidential message. The dispute arose out 


Spanish and | 


There is an Academy of Fine! 
| Arts, and various schools for technical edueation. 


| the Essequibo colonies to the Dutch. At that date 
| the country now in dispute was uninhabited. 
The Venezuelans contended that by the term ‘ Esse. 
|quibo Colonies” it was intended to include only tie 
| Dateh settlements which lay to the east of the [Hsge. 
quibo River—the general course of the river being 
north and south—and they claimed all the country ly. 
ing to the west of this river as their own. 
| The British government interpreted the term [sge. 
.quibo Colonies to cover all the country inelu |. ip 
the watershed which drained into this river: ang 
| claimed that the Dutch by their official acts in 175 ang 
| 1769 actually held this country and protested again t 
Spanish interference with the Dutch settlers withip 
it. They urge that “this western frontier of British 
| Guiana was accepted without any objection by 8S) ain, 
while she yet retained the sovereignty of Venezuela, 
and afterward by the United States of Colombia or 
| New Granada, before the Venezuelan secession from 
them.” 
| On the other side it is claimed by Venezuela that 

British settlers have been gradually pushing west. 
ward, and that the British claims have been propor- 
tionatelv elastic. 
| In 1841, by the instruction of the British government, 
| the Schomburgk line was run, but it was strongly op- 
posed by the republic. This line extends beyond the 
watershed of the Essequibo and touches the mouth of 
the Orinoco. As the result of Venezuelan opposition, 
Lord Aberdeen proposead a compromise line. In this 
line the point at the Orinoco was abandoned, the new 
starting point being at the mouth of the Macoco 
River to the eastward. Venezuela met the proposal 
of Lord Aberdeen half way, being willing to grant a 
full one-half of this territory. The dispute remained 
in statu quo until Lord Granville, in 1881, proposed a 
line whose coast line starting point was half way be- 
tween the Schomburgk and Aberdeen lines. 

With the discovery of the Barima gold fields the 
settlers pushed out westward, and the camp of the 
British miner was pitched far beyond the boundary of 
the Granville line of 1881, though not beyond the 
country over which, in 1759, the Duteh had claimed 
jurisdiction. 

At the present writing the British government is 
willing to arbitrate this disputed territory which lies 
to the west of the Schomburgk line, but refuses to 
subject to arbitration the territory lying between this 
line and the Essequibo River, mainly on the ground 
that it is inhabited by 40,000 British colonial subjects, 

The whole question, reaching back, as it does, some 
two centuries, and involving documentary evidence in 
different languages, some of it necessarily of great 
age, isan exceedingly complicated one, and certainly 
a question upon which no casual student can pro- 
nounce an intelligent opinion. The high personal 
eharacter and great legal ability of the United States 
eowmission, and the fact that the British government 
is placing its full data at the disposal of the committee, 
make it evident that as soon as they shall report, and 
only then, will the public at large be in a position te 
judge intelligently of the true merits of the question, 


THE AMERICAN 


BRITISH FEELING ON 
CRISIS. 


THE calmness with which the British public received 
the message of the American President, their reluct- 
ance to answer it by a simple defiance, and their gen- 
eral refusal to believe it serious, have been so misin- 
terpreted on the Continent that it is worth while to 
explain their attitude at some length. They had at 
least three reasons for remaining quiet, one of which 
was their own profound innocence of intention, bad 
or good. Most wars have been preceded by a certain 
amount of bickering, or, at least, of hostility of feel: 
ing; but in this case the British people were unaware 
even of a reason for dispute. They had no more idea 
of attacking, tbreatening, or even annoying the United 
States than of doing the same things to China or 
Sweden. Probabiy not ten men in the kingdom, out- 
side the Foreign Office and the foreign division of one 
or two journals, were aware that there was any ques 
tion open between the two countries. To the majority 
lof Englishmen Venezuela was only a word which they 
vaguely recalled as having seen upon a map, and the 
allegation that they were oppressing Venezuela, or 
wanted something from Venezuela. came on them with 
a shock of surprise. They wanted nothing and feared 
nothing in that part of South America, and Mr. Cleve- 
land’s indignation seemed to them so amazing that 
they interpreted it at first as unreal, simulated, a mere 
election maneuver. 

Even when they perceived its seriousness they were 
too surprised for anger, and expected to see the annoy- 
ance on the other side of the water disappear on 4 
little reflection, and the reception of a disclaimer of 
any intentional offense. They felt like persons « hose 
words have been misinterpreted.and could not, for 
very consternation atthe accidental offerse given, feel 


the indignation which, according to Continental 
critics, it would have been honorable to display. 


* What an unfortunate mistake for President Cleve 
land to have made,” nearly sumed up their thoughts, 
and they waited, fully anticipating some later expla 
nation. Innocence of this kind is so seldom real 
especially on the Continent, that we can fully allow 
for the incredulity of lookers-on, but in this instance lt 
actually existed. Having no purpose in their minds, 
whether honest or treacherous, grasping or benev« lent, 
Englishmen were puzzled to find a malignant pur} ose 
attributed to them.and at first could hardly belicve iD 
the seriousness of the menace addressed to them. If 
serious, they must accept it like any other unexpect 
and unaccountable misfortnne, but they could bardly 
believe it, and distrusted the guides who as-u 
them that the misfortune had most certainly arrived. 
If the Times had announced that France intended the 
invasion of Great Britain.or Russia of India,they woul 
have accepted the statement at once, but that An erica 
in certain contingencies meant war seemed increible. 
Why should America mean war ? : 

2. The very tradition of hostility between the | nited 
States and Great Britain had died away here. Ne 
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body affects to regret the independence of America, 

ybody remembers the last war, nobody ever thinks 
Mout Canadian frontiers. The only feeling enter- 
tained is one of friendship, cool in some sections of 
society, warm in others, but everywhere existing, and 
so completely recognized, that in common parlance 
everybody draws a distinction between foreigners and 


“alls. 
eslean -, it seems a little ridiculous or conventional 
to say so, but it is literally true that the sense of kin- 
ship with Americans never wholly quits English minds, 
that they dislike the idea of a quarrel as something 
unvatara! and that the notion of having as a matter 
of duty t» shell an Ameriean city makes them posi- 
tively wince. The English are supposed on the Conti- 
nent to be a brutal people, and doubtless there is a 
sense in which the charge has a foundation ; but they 
are not brutal about Americans, but have a genuine 
and hearty dislike to any dispute with them other 
than a competition in prosperity, or in social experi- 
ments, or in good works. They watch all their kins- 
folk do with permanent interest. sometimes appreci- 
ative, sowetimes scornful, but always keen and active. 
They are always conscious, ike members of the same 
family, of a certain rivalry, and always doubtful when 
surpassed in anything whether to be annoyed or full 
of hearty congratulations. 

This is the real reason of that habit of giving advice 


To all continentals, and we fear to some | 


FLOATING SAND—AN UNUSUAL MODE 
OF RIVER TRANSPORTATION. 


On the eighth day of August last I joined a camp- 
ing party at Bessemer, on the Austin & Northwest- 
ern Railway, 93°75 miles from Austin, in Llano County, 
Texas. This station is on the Liano River, a clear 
stream, tributary to the Colorado, flowing through 
| what has been termed “the central mineral region.” 
Inasmuch as the rocks bordering the river are, for the 
most part, Archean granites, both red and gray, 
schists, etc., the sand resulting from their disintegra- 
tion may with propriety be termed “granite sand,” 
even though composed largely of vitreous and pink 
quartz with only subordinate quantities of feldspar, 
biotite. and accessory minerals. 

The morning after my arrival the river was found 
to be rising and, as I stood on the bank, at the point 
where we secured our water supply, I noticed a con- 
siderable froth and, what appeared to me at the 
time, scum passing down the stream. l spoke of the 
condition of the river to my companion, Mr. Lau- 
rence D. Brooks, of Austin, who remarked that what 
seemed to be scum was really sand. I thereupon 
went down to the water’s edge and, dipping up some 
of the floating material, was astonished to find that 
the patches were composed of sand, mainly of quartz. 
At this time, half past nine or ten, the water sup- 


which Awericans think so patronizing, and which is | ported a large number of patches, which varied in 
no more really tronizing than the shouts of the!area from less than a uare inch up to several 
spectators in a cricket field to “‘throw the ball up.” square inches, all swept along by the current. _ 
The shout is balf of warning, half of pleasurable ex- This phenomenon was witnessed only while the river 
eitement. The immense wealth of the Union, the way | was rising. When the water began to recede no more 
it seems to get through crushing difficulties, the sort | floating sand was seen. The reason for this will appear 
of boyish confidence with which it meets every un-| later. 
pleasant incident, excites nothing but pleasure here, Noting a surprise, Mr. Brooks stated that he had 
pleasure often, no doubt, expressed a little too much | seen sand floating on some of the streams of Ala- 
in the tone of the man who has passed through every-| bama, and that it had oftentimes been very trouble- 
thing when speaking toa junior. To men in whom'|some in digging water holes. To test this statement 
this frame of mind had been ingrained by forty years|I at once scooped out some holes in the damp sand 
of quiet intercourse, the fact of a sudden rupture, not| and, surely enough, as their sides caved in, a few 
preceded as far as the genera! public knew by any/| grains floated away on the surface of the water 
warnings, seemed somehow monstrous, as monstrous; which immediately filled the holes. Between the 
asa blow froma kinsman delivered across a dining| grains there seemed to exist a mutual attraction in 
table. What in the world could be the excuse for an! consequence of which they ultimately grouped them- 
almost fratricidal struggle? If war should arise, the | selves into small patches similar to the smaller patches 
statement will not be belheved, but not one English-| seen on the river. In the meantime, Mr. Brooks, by 
man in a hundred read Mr. Cleveland’s message with- gently sifting dry sand from his hands onto the water, 
out a sort of gasp, as if he had a dim perception of | succeeded in forming much larger patches. 
some horror. A week iater, when the river was well down and the 
3. And thenecamein the Englishman’s grand source ; sandy stretches of its bed had become quite dry on 
of coolness, his common sense and knowledge of affairs. | their surface, I gathered sand by the handfuls and 
Nations cannot fight except for something, and what! sent it floating down the stream in such quantities 
have Americans and Englishmen to fight for? Venez-| that the sand rafts actually cast shadows on the bot- 
uela? Our kinsfolk are welcome to all the Venezue-| tom as they passed. Then I dug several large holes, 


las there are. There is probably no subject in the|as I had previously done in the damp sand, but with | 


world upon whieh ignorance is in this country at once | far better results, for, when their sides caved in, the 
so dense and so cheerful as Spanish America. The manj{ dry grains forming the outer coat of the deposit were 
in the street knows nothing about it, not even its di-| gently launched and floated off much more abund- 
visions, and is contented vot to know. He is like a|antly. Furthermore, as each mass of sand slipped 
woman when cross-examined about arithmetic —quite! into the water and, exclusive of the floating grains, 
unmoved, even when convicted of being unable to add | sunk, the air contained in the interstices between the 
up accurately. He would not be pleased to acquire aj particles7rose to the surface, forming a patch of foam 
rovince there, not liking to be bethered with either/or froth. The observations here made afforded strong 
Spaniards or Indians, and as for wanting any particu | proof of the probable explanation of the phenomenon 
lar line of demarkation in Venezuela, he would, so far of floating sand from a geological standpoint, the 
as the notion of property is concerned, give half British | physical explanation being quite a different matter. 
Guiana to anybody who wanted it without a qualm. | he bed of the river above Bessemer contains much 
Englishmen can be eagerly jealous when Russia shows sand and as the water rose, at the time mentioned, 
signs of wanting to protect some petty Asiatic state not from the occurrence of local rains, but from those 
beyond the Himalaya, but the United States may haye , at a distance, the edges of the sandy stretches bor- 
all the influence they wish in Spanish America with-| dering the flowing water must have slowly caved in, 
out Englishmen troubling themselves to read the tele- | thus launching the dry sand, which floated away form- 
grams. If they are suspicious of any power except ing patches through the wutual attraction of the 
Russia, it is France, vet when it seemed that France grains, while the damper masses. sinking to the bot- 
was about to cut a canal through Panama, and so ac- ; tom, contributed foam from the entangled air. 
quire a predominant influence in Centrai America,! The only mention of floating sand at present known 
they only cared to discuss the engineering obstacles. | to me is that by Mr. James C. Graham in a brief article 
For thirty vears they have never so much as wished, ‘‘On a peculiar method of sand transportation by 
for anything in America, and war with nothing to get | rivers,” published in the American Journal of Science, 
seems to them what Scotehmen used to eall *a_ IIT, vol. xl, p. 476. Dec., 1890. The phenomenon was 
sinful waste of the mercies.” Wanting nothing, they | observed on the Connecticut River and is described 
cannot seethat Americans want anything either, for|as ‘“‘a ease of the transportation of siliceous sand 
they do not believe in the stories of adesign on Cana-| upon the surface of the water. due to capillary float- 
da, which it would take half a million of soldiers to| ing.” The sand in question was removed from a bar 
oeeupy, and they therefore set down the whole quarrel | jutting out from an island. ‘The erosion was being 
asunreal. If they must fight for their own they must, ; carried on from the side of the bar against which the 
but they regard the necessity as they would regard the/ current did not strike. 1t took place by gentle ripple 
hecessity for a chancery suit about a pond, as an in-| waves splashing up against the sand bar (which was 
tolerable nuisance adding heavily to the discomfort of , at an angle of about 150° to the surface of the water) 
life, and promising nothing except a permanent breach | and upon the retiring of each wave a little float of 
between families which ought to be neighborly. It is| sand would be on the water. At first these were about 
common sense as much as anything, if Freneh-| the size of a silver quarter of a dollar, but by the union 
men would only believe it, which has prevented} of a number, some floats would be formed of about six 
Great Britain from flaring out because America has| inches square.” The floating patches thus described 
seemed to lose hertemper. There is a prospect of an) by Mr. Graham are quite like those observed by me 
amazing waste of force on both sides. and it does not | on the Llano River. 
make Englishmen a bit more contented to know that; After I had read the above account I again (Septem- 
their opponents will be muleted as heavily as them-| ber 7) visited the river near Bessemer and was more 
selves. If they can have it without submitting to| than ever convinced that the explanation I have of- 
Wrong or menace, they want peace.—London Econo- | fered as to the manner in which the sand grains are 
mist, January 4. 
| where the running water had cut down into the sand 
leaving overhanging cliffs, in miniature, varying from 
’ 3 to 6 or more inches in height. By pressure I forced 
A NEW FOSSIL PLANT IN THE COAL a portion of this border farther outward, and, as the 
MEASURES OF NEW SOUTH WALES. current ——. the undermining, the mass slid into 


the water, which bore away many of the dry grains on 
Mr. R. ETHERIDGE, the distinguished curator of the | its surface. Combining Mr. Graham’s observations 
Australian Museum, has described in the Records of | with my own, it would appear that dry sand may be 
the Geological Survey of New South Wales the occur- | naturally floated in at least two very different ways, 
rence of a plant in the Newcastle or upper coal meas- | viz.: First, by gentle ripple waves splashing up against 
ures possessing characters both of the genera Phyllo- | a sand bar having an inclination of about 30°, as on 
pores and Cingularia. The plant remains were ob-| the Connecticut River, and second, by the undermin- 
— by Mr. J. B. Henson at Shepherd’s Hill. The! ing of the sand beds bordering portions of a stream, as 
Plant bed consists of light colored shale underlying a/ on the Llano River. 


launched is, for that locality, correct. I found places | 


| istic patch. Milky quartz when treated in a similar 
ae yielded even better results, as did orthoclase 
> 


How long sand will float, granting that the size and 

shape of the component grains admit of floating at all, 
I cannot say, but, should the surface of the water re- 
main unbroken, i believe for an indefinite period. 1 
base my conclusion on the following facts: In my 
, laboratory I have floated sand in various vessels for 
hours. In one instance, for the sake of the test, I al- 
lowed the water, with its sand, to remain for more 
than a month undisturbed. At the end of that time, 
as might have been anticipated, owing to the evapora- 
tion of the water, mapy of the grains had become 
stranded on the sides of the vessel, yet quite a number 
were still floating. 

How far sand will float is another question difficult 

to answer. Mr. Graham records his observations on 
the Connecticut River sands as follows: ‘ These 
blotches were so numerous as to be very noticeable in 
rowing up the river and could be traced for half a 
| mile or more below the bank, though this bank from 
| which the sand came was but a few yards long.”* I 
| have not followed the Llano River rafts for so great a 
| distance, though I have, with difficulty, traced them 
along the bank on several occasions—once for more 
than a hundred yards, when by the rippling of the 
!eurrent and the reflections of small waves caused by a 
slight breeze, they were lost to view. If the liquid is 
|agitated to such an extent as to break the surface and 
| to wet completely the floating grains much of the sand 
| will drop to the Lottom, though I have found that in 
|a small vessel some grains have remained floating 
| after a considerable stirring with a glass rod and after 
repeated shaking or jarring. Ata point where a por- 
tion of the river had separated from the main stream 
‘and the water flowed quite rapidly, 1 started several 
series of rafts. As the velocity of the current in- 
creased and the ripples became stronger, the adhesion 
| between the grains weakened until the rafts, as such, 
' disappeared, though individual particles continued to 
be seen for some distance farther. Such being the 
case, we may expect that whenever a stream passes 
over any irregularity in its channel, such as rapids. 
even if very small, or waterfalis, the floating sand will 
sink; indeed, such a result may be looked for when the 
surface is disturbed by the wind. 

Before proceeding further, I wish to say that the 
Llano River sand is not an extremely find sand, but, 
on the contrary, rather coarse. The grains are not, 
however, of uniform size. While some are small, 
many are comparatively large. The following meas- 
urements of four selected quartz grains will serve to 
indicate, approximately, the size of those that float : 

G 
wane 
1. Pink quartz 5mm. 35 mm. 1 mm. 0°0231 grm. 
3. White 4 “ 4 3 00304 

The specific gravity of each of the ingredients of 
“granite sand” of course exceeds that of water, that 
of quartz being 2 5-28, of feldspar 2°44-2 62, of biotite 
27-31. If these ingredients were present in the same 
proportions their average specific gravity. i.e., the spe- 

cific gravity of the sand, would be 2°54-2°84, or, say, 
2°69. The specific gravity of that part of the sand 
under investigation which had actually floated was 
found to be 2°59. 

The attempt to explain the phenomenon, or possibly 
I should say phenomena, of floating sand from a phys- 
ical standpoint involves the investigator in difficulty, 
so what I have to offer is tentatively given with the 
hope that as physical research advances, the subject 
may become better understood, 
| When shaded, it will be seen that the floating sand 
grains cause a depression of the water’s surface, which, 
indeed, is quite as apparent in the ease of isolated 
|grains as in that of patches. I recall one instance 
where the depression, though of very short duration, 
possibly but a few seconds, was so great as to be posi- 
tively startling. As 1 was sprinkling some sand upon 
the river, for experimental purposes, a pebble almost 
as large as the end of my little finger fell into the cen- 
ter of a floating patch, which, to my great astonish- 
ment and delight, was depressed, like a funnel, for, 
say. half an inch before the cavse of this unexpected 
phenomenon broke through its surface and sunk to 
the bottom. 

It appears from tnese and other observations that 
the weight of the sand grains actually depresses the 
surface of the water, yet the elastic reaction of that 
surface is sufficiently great to prevent them from sink- 
ing, especially when the resistance offered by their an- 
gularity is taken into consideration. In the launch- 

|ing of grains the more rounded would tend to roll over 
in the water and thus become wet, in consequence of 
which they would sink, while those of an irregular 
shape would overcome the tendency to roll and remain 
partially dry, thus fulfilling a condition necessary for 
floating. he angularity of the grains is conducive 
to the floating of the sand. 
| All my experiments heretofore having been made 
with water from either the Llano or Colorado rivers, 
it occurred to me that possibly a difference might be 
| noticed in the surface reaction should other water be 
employed. I er repeated severa! of my tests 
using rainwater, Colorado River water, boiled and fil- 
tered, and distilled water, with little or no appreciable 
' difference in the results. 
| The second part of the phenomenon, or, as 1 am in- 
| elined to regard it, the second phenomenon, is the for- 
|mation of patches or rafts from the floating grains. 
| Here the investigator encounters another difficult. yet 
interesting, problem in capillarity. viz.: The attrae- 


a conglomerate. Between the latter and the shale| Though, as I have stated, the Llano sand was de- | tion, though largely apparent, existing between small 
th ere are four coal seams. In world-wide Phyllothece | rived chiefly from the disintegration of granitic rocks, | bodies floating on a liqnid. Leaving gravitation out 
tere have been at least three forms of fructification it effervesces slightly with dilate hydrochloric acid. | of consideration, the usual explanation offered is as fol- 


deseribed, but with the exceptiou of a possible inflor- | This. however, is not surprising when it is known that 
1847, th to which attention was drawn by McCoy in| metamorphie limestones also occur in this region. 
ove e fructifieation of the Australian species is un-' That granite fragments will float, and in a manner 
— It is now clearly proved by Mr. Etheridge | quite similar to this sand, I have demonstrated by 
reds the upper coal measures of New Soutn Wales} breaking some red (Burnet or Capitol) granite in an 
Phylloth & Plant, to all intents and purposes a| iron mortar, until it had been reduced to a correspond- 
— possessing peltate organs identical in! ing degree of fineness, and then gently sprinkling it 
"ote with the sterile bracts of Cingularia. The| from a paper onto the surface of the water. As might 
the f ery certainly merits the attention of students of | have been expecte!, much of it immediately sunk, but 

ossil botany of the coal measures. a sufficient quantity floated away to form a character- 


,lows: The floating sand grains are not wet by the 
' water, and when brought sufficiently near one another 


the depressions, in which they rest, unite, thus leaving 
bet ween them an interval in which the water is below 
th» general surface, hence by the pressure of the sur- 
rounding liquid they are urged together.+ 


* Loc, cit. 

+ For another and ingenious explanation see the paper by the late Pro. 
fessor John LeConte on “Apparent attractions and repoisions of smelt 
floating bodies.” Amer. Jour, Sc., III, vol. xxiv, p. 416, December, 68, 
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It seems to me, however, that the so-called attrac- 
tion between the individual sand grains, as shown in 
the formation of rafts, is exerted over a greater dis- 
tance than could be accounted for in the explanation 
above given. Thus I fird that on an undisturbed sur 
face of water they are brought together when separ- 
ated by an interval as great as 4 «m., and that when 
scattered over the surface of a basin of water a foot in 
diameter they will finally form a single raft. 

The observations made by Mr. Graham on the Con- 
necticut River enabled him to reach the following con- 
clusions : 

1. They show that coarse sand can be floated away 
on a current of far less velocity than 0°4545 mile per 
hour. 

2 They show a method of removing sand from the 
lower side of a forming bar which has gotten above 
high water mark. 

3. They indicate a possible explanation of the 
coarse particles of sand found in otherwise very fine 
deposits. * 

My own observations and experiments confirm con- 
elusions 1 and 3. I find, in addition : 

1. That sand grains will float in 
water for an indefinite time. 

2. That the grains which float are not necessarily 
siliceous. That flakes of mica, fragments of marble, 
bituminous shale, ete., also float, and that some of 
them, the marble and the bituminous shale, for ex- 
ample, are unusually buoyant. 

3. That the property of floating is not confined to 
the sand of any particular locality, but depends to 


perfectly still 


a considerable extent upon the angularity, i.e., the 
shape of the grains. 
4. That whether sand will float or not depends, 


also, upon the mode of launching. Whether it be 
by ripple waves, as stated by Mr. Giraham, or by 
undermining, it must be gently done, for should the 
grains be plunged into the water with sufficient 
force to completely immerse them, they will immedi- 
ately sink. 

5. That the natural conditions necessary to the float- 
ing of sand in rivers are somewhat unusual, depend- 
ing, in the case of the Liano, upon a flood without 
local rains and, in that of the Connecticut, upon the 
manner in which certain waves strike a sand bar. 
It is quite possible, however, that floating sand is 
much more common than is ordinarily supposed. 

6. That the physical explanation of the problem is 
complex rather than simple, and at best unsatisfac- 
tory in several important particulars, and that with 
the advance of molecular physics we may hope for 
a better understanding of what we now, for con- 
venience, term “superficial viscosity” and capil- 
lary attraction.”—Frederic W. Simonds, in the Ameri- 
can Geologist 


THE AFRICAN ATHERURA. 
THE Zoological Acclimation Garden of the Bois de} 


Boulogne possesses, at the present time, a very fine| 


collection of rodents of various types—rabbits of all | 
kinds, some short and others long haired, common | 
squirrels and flying ones, prairie dogs, maras or Pata- | 
yonian hares, pacas, agoutis, common porcupines and 
other animals of the same family that naturalists 
designate by the name of sphiggures and atheruras, 
It is especially to these latter, the atheruras, that we 
now desire to call the attention of our readers. 

The atheruras, wkose pame, derived from Greek, 
signifies ‘‘animal having a tail terminating in a} 
spike,” are distinguished, in fact, from the ordinary | 
porcupiues, because, instead of a rudimentary caudal 
appendage, they have a tail that equals a third or a 
half of the length of the body and is provided at the | 
extremity with a tuft of flattened horny tubes more or | 
less shriveled. These singular productions, the form 
of which varies somewhat according to the species, re- 
call, by their aspect and color, strips of irregularly 
slit parchment or culms and grains of dried grasses, 
They are, however, of the same nature as the hairs 
and have the same origin, For the rest of its length, 
the tail is covered with scales intermingled with hairs. 
The latter gradually elongate in such a way as to es- 
tablish a transition toward the terminal tuft. 

A large portion of the body of the atheruras bristles 
with quills, which, although not as closely set or as 
long as those of the porcupines, nevertheless consti- 
tute a formidable armament and render the handling, 
not only of the living animals, but also of the stuffed 
specimens of collections, difficult and even dangerous. 
These quills acquire their greatest development upon 
the median and posterior parts of the body and 
wradually diminish in length toward the sides of the 
neck, Upon the head and limbs they revert to the 
state of simple hairs, which are slightly harder than 
those that form the principat: part of the coat. The 
longest quills terminate in a sharp point and are flat- 
tened above and below. Besides, their edges are 
slightly thickened, so that they somewhat resemble a 
dagger having «a longitudinally hollowed blade. 
nally, in certain species, these defensive weapons are 
finely toothed or rather barbelate laterally. 

The atheruras are of smaller size and of less heavy 
build than the ordinary poreupines Their head is 
swaller and their body is more slender, and they 
rather resemble cats provided with a spiny armor. 
Their head is somewhat elongated, with ears of me- 
dium size and a snout provided with a pair of long 
mustaches, 

These singular rodents are found on the one hand in 
the south of Asia and on the other in tropical Africa, 
and, in each of these regions, constitute one or per- 
haps two distinct species whose characters are fur- 
nished by the form of the quills and horny appendages 
at the extremity of the tail. Thus, Messrs. Gervais 
and Giinther distinguish, along with the lony tailed 
atherura of Linnaeus (Atherura wacrura) which in 
habits the islands of Sumatra and Java and is known 
to the natives as the “landak” or “landa klele,” the 
venicillate atherura of Waterhouse (Atherura fascicu- 
ata), which is confined to the kingdom of Siam and 
differs slightly from the animal described under the 
same name by Shaw and Gray, and assimilated later 
on to the long tailed atherura. In the latter, which 
Buffon calls the ** porcupine of Malacca,” the terminal 
appendages of the tail exhibit the form of simple and 


é 


* Amer. Jour. Sc., LIL, vol. xl, p. 476. 
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slightly undulate fillets, while in the penicillate ather- 
ura they become constricted here and there. So too, 
aceording to Paul Gervais, there is in Africa, along 
with the African atherura of Gray (Atherura Africana), 
which was discovered at Fernando Po, a second species, 
the armed atherura (Atherura armata), the type of 
which, indigenous to Gaboon, was given to the museum 
by Mr. Aubry Lecomte. Such is also the opinion of 
Mr. A. T. De Rochebrune, who, in his Fauna of Sene- 
gambia, publissed a new description and a figure of the 
armed atherura, This animal, of the size of a cat, is 
of a somewhat andeecided color—of a brown varied 
with yellowish and blackish. The gray quilis, which 
in a state of rest are for the most part directed oblique- 
ly backward, are in fact white or slightly yellowish in 
their first half and brownish at the extremity. The 
limbs are of a blackish brown, and the lower parts of 
the body, as well as the sides of the head, of a vellowish 
white. The tail, covered at the base with strong quills, 
black above and yellowish beneath, is brown in its 
sealy portion, with a few black hairs, and terminates 
in a tuft of horny appendages of a yellowish white. 
These appendages have nearly the same form as in 
the penicillate atherura, and exhibit a series of infla- 
tions separated by constrictions, and somewhat re- 
semble oats, 

An analogous arrangement, which our figure but 
vartially renders because of its reduced size, is found 
in the African atherura. In this species, the upper 
parts of the body, the external surface of the limbs, 
the top of the head, the face and the nape are of a dark 
brown, and the breast, the abdomen, the throat and 
the internal surface of the limbs of a gravish white, 
varied only by a dark stripe in front of the fore legs. 
The quills begin to show themselves upon the back of 
the head, where they are scarcely more than an inch 
in length, and extend over the entire dorsal region, 
where sowe of them attain a length of five inches, All 
are marked with a longitudinal groove and terminate 
in a sharp point. Their color varies from white to 
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uniform black, but the skin into which they are set, 
and which is covered with sparse hairs, appears en- 
tirely white. Here and there, between the quills, are 
distinguished a few stiff and slender bristles, The eyes 
are small, but as bright as jet ; the ears are bare and 


of rounded shape; and the mustaches are very 
long. The body measures from 12 to 18 inches in 


length and the tail from 5 to 6 inches, 

It ix certainly to this species that belongs one of the 
two atheruras owned by the Garden of Acelimation. 
The other, which seems to be slightly different, is, per- 
haps, referable to the second African species of 
atherura, the Atherura armata. We say perhaps, 
since. in order to well appreciate the distinctive char- 
acters of the atheruras, it would be necessary to have 
to do, not with individuals living and inclosed in a 
cage, but with skius and skeletons. The two African 
atheruras are, moreover, found side by side, it is said. 
in the same countries, especially in Casamance and 
Gambia, according to Mr. De Rochebrune, where 
they are confounded by the natives under the name of 
“ngot nga.” 

The Atberura Africana exists also in Gaboon, where 
it has been met with by Mr. Alfred Marche in the 
eountry of the Okandes, in Sierra Leone and in the 
island of Fernando Po, where it was but recently very 
common, and into which it does not appear to have 
been introduced by the Portuguese. Quite recently it 
was even thought that the area of its habitat might be 
prolonged quite far from the east coast, as far as to 
the country of the Monbouttous; but, if we are not 
deceived, the specimens obtained in this part of equa- 
torial Africa by the famous Emin Pacha have just 
been referred by Mr. O. Thomas toa distinet species— 
Atherura centralis. 

In the country of the Monbouttous the atheruras are 
known by the vame of “ kolia,” and form part of the 
food of the natives. The same is the case, it is said, in 
Fernando Po. It is from this island that came the first 
living specimen seen in Europe. This individual, 
captured by Lieutenant Vidal, of the English expedi- 
tion sent to take possession of the isiand, arrived in 
London along about 1829 and lived for some time in 
the Zoological Gardens, where it was studied by Mr. 
Bennett. Other animals of the same species were 
afterward brought to England and Germany and were 
preserved for longer or shorter periods in the zoologi- 

‘eal gardens of London and Hamburg. 


In captivity, the atheruras are morose anima that 
remain immovable or squat in their litter ‘or the 
greater part of the day, and that remain inactive yp, 
til the approach of night, when hunger presses them, 
They then ran quite rapidly in their inclosure, in egy. 
rying the tail and quills slightly erect, but it \s only 
when they are inquiet or irritated that they bristle 
after the manner of poreupines. At the same time 
they stamp their feet with anger and agitat« their 
tail, the terminal appendages of which strike each 
other with a noise as of dry leaves. 

A male and female inclosed in the same pen, in the 
Zoological Garden of Hamburg, lived in perfect har. 
mony, lay side by side and aided each other in mak. 
ing their toilet, but another couple, according te 
Brehm, presented one day the spectacle of a terrible 
domestic drama. The male, not very gallant, having 
seized a tit-bit and claiming it for himself, the female 
tried to snateh it from him, and, in the squabble, 
killed her mate with a savage bite. 

| The atheruras recognize those who take care of then 
and easily get accustomed to take their daily food 
with their paws, but they are certainly creatures of 
but slight intelligence and are much less interesting by 

| their habits than by their organization and their geo. 

| graphical distribution. It is strange, in fact, to find 
representatives of the genus Atherura in countries so 
remote from each other as Western Africa or the equa- 
torial provinces of Eastern Africa and the peninsula 
of Malaisia or Indo-China, while the intermediate re 
gions, that is to say, India, properly so called, and 
Persia, are entirely devoid of animals of this group, 
But, as Mr. Giinther remarks, the fishes offer us anal- 
ogous facts, and. as we have already had oceasion to 
observe, the birds of the genus Pitta are also found in 
the same case, since one of their species lives in Congo 
and the country of Angola, while all the others are 
distributed through Malaisia, Indo-China, the Philip. 
pines, Papouasia and Australia. Paleontology alone is 
| capable of giving us the key to such anomalies in the 
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present distribution of the vertebrates.—E. Onstalet, 
in La Nature. 


A CURIOUS CASE OF COMMENSALISM. 


Ir is interesting to note the tendency that exists 
among the majority of living beings to associate in 
order to fight against destruction, Such associations 
are generally formed among animals that simply put 
their existence in common. This is the case with com- 
munities of ants, bees, etc. At other times they are 
formed in a more intimate manner by the union of 
bodies, which hence communicate with each other in 
a permanent or a temporary wanner. Such is the 
case with colonies of aseidians, bryozoairans, ete. In 
either case the association is formed bet ween animals 
of the same species ; but it may also exist between I 
dividuals of different species, and the phenomenon Is 
then called commensalism. Examples of commiensal- 
ism are not very frequent. An attentive examivation 
of the assoviation shows that in some cases the benefit 
is not as reciprocal as one might believe at first sight, 
and turns almost exclusively to the profit of one of 
the two associates. It is then no longer commensal- 
ism, but parasitism. 

It would be ap error, however, to think that com 
mensalism does not exist. The finest example that 
can be mentioned in this regard is that of the associa 
tion of the hermit crabs with certain ascidians. e 
shall say a few words concerning these apropos of @ 
work of Mr. Faurot, who hascleared up and cou pleted 
certain points of their history. . 

The hermit crab. as well Known, is an asymmetrical 
crustacean that lives in the empty shells of 
mollusks, and especially of the bueccinums. Now 
upon these latter we very often find sea anemones 
and almost exclusively upon those inhabited by the 
hermit crab. We know two species of these actinia*: 
one of them, the Sagartia parasitica, lives upon shells 
inhabited by crabs known scientifically as Pagurus 
Bernardus, P. striatus and P. angulatus, The other 
is the Adamsia palliata ; it lives in the shells inhabited 
by the Pagurus Prideauxi. 

Like all the actinias, the Sagartia parasitica is col 
posed essentially of a fleshy column that terminates 
at the top in a bouquet of white tentacles. It is! 
warkable by the presence of orifices placed at the 

| lower third of the column and allowing the sastrie 
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~ ity to communicate with the exterior. Its fixation 
oe ffected simply by the foot disk acting as a sucker. 
When there is but one Sagartia upon a shell, it is 
found upon (he side nearest the crab. But there are 
iften severni—as many as seven or eight—and then 
the foot disks, whieh touch each other without over- 
lapping. cover nearly the entire shell. : 

What are the relations of the crustacean and acti- 

ia? Is it simply chance that causes them to live side 
ee side, one within and the other outside of the shell ? 
It is rather thought, and it is almost demonstrated, 
that the (wo are united in order to render each other 
assistance. ‘The actinia is evidently useful to the crab 
in defending the approaches t> the domicile with its 
pumerous ‘entacles, which are trae batteries of sting- 
ing capsules always ready to strike down importunate 
would-be hosts with its myriads of nematocytes, As for 
the crustacean, thanks to its long limbs, it can stir 
about and seek food, The actinia, which has neither 
legs nor eyes, profits largely by such movements and 
especially absorbs the remnants of the erab’s food. 
Certain paturalists have even asserted that the crab, 
from time to time, feeds the actinia direetly; but this is 
doubtless an invention. 

It is not the whole truth to say the union of the crab 
and the sagartia constitutes an amicable association; it 
is necessary also to demonstrate it, or at least to give 
yroofs in support of the assertion. Mr. L. Faurot 

as undertaken some experiments upon this subject. 
After,” says he, having verified Percival Wright's 
observation, according to which a Sagartia parasitica 
abandons the shell whence a Pagurus has been ex- 
tracted, and that too in a relatively short time (thirty- 
six hours at the most), I have found that the Pagurus 
itself is not indifferent to the loss of its companion. 
When, in fact, atter removing the Sagartias fixed upon 
a shell inhabited by a Pagurus, we put the latter in 
the presence of another shell that is empty and cov- 
ered with its preferred actinias, we soon see the crus- 
tacean leave its lodging. In this case, much more 
quickly than if it had to do with shells completely de- 
yrived of Sagartias, it will explore the interior of 
it with its claws and insert its abdomen, which is 
rovided with two hook legs with which it will affix 
itself to the last revolution of the spiral. 

“When a Pagurus inhabiting a cassidaira, from which 
the Sagartias had been removed, was put in the pres- 


than those to which it has been accustomed, it will 
abandon it if care is taken to place near it Adatsias 
recently separated from their host. They invest them- 
selves with these actinias, even though the iatter are 
not proportioned to their own size, so that they often 


of its length for each degree Fah. which it is heated or 
cooled. 

Stated more simply, water expands when cooled be- 
low 39°2° Fah., and at the freezing point undergoes an 
expansion of about 1-12. The ice «expands if cooled, and 


leave a portion of the body exposed, like one who | reaches its greatest bulk at 24°. It has to be cooled to 


wears too short clothes.” In this operation, the crusta- 
cean makes use of its claws and holds the actinia until 
it has become fixed, 

In Fig. 2 we represent a Pagurus pilimanus (a species 
collected several times by the Challenger and the Talis- 
man) carrying a very curious commensal upon its shell. 
This commensal is an elegant polyp of a beautiful vio- 
let color, the Epizoanthus parasiticus, which has the 
faculty of budding and forming colonies. At the bot- 
tom of the sea, empty shells are not very abundant, +o 
the Pagurus would find it difficult to discover shells 
proportionate to its size. Fortunately for it, the small 
colony that lives upon the original shell grows and 
supplies it. More than this, the shell is gradually dis- 
solved, and finally we have no longer anything but a 
Pagurus surrounded by a living coat of Epizoanthes. 
—Henri Coupin, in La Nature. 


SOME EFFECTS OF FROST. 
By W. E. PARTRIDGE. 


MANY persons who closely observe the destructive 
effects of frost in winter are puzzled by great diver- 
sity in results which follow the freezing of water. It 
does not appear to follow any law in its action, whether 
it be confined in pipes or closed vessels, or unconfined, 
as on the ground and in the rivers and ponds. In 
some cases pipes are frozen repeatedly without injury, 
and in other cases bursting follows a moderate frost. 
These and many other curious facts do not seem to be 
explained by the simple popular statement that water 
expands on freezing. While it is trne that water ex- 
pands when it changes from the liquid to the solid 
form, there are several other facts in connection with 
this one which must be known before the subject can 
be clearly understoed. 

Water is nearly incompressible. That is to say, its 
bulk cannot be reduced by the application of pres- 
sure, except in the smallest degree. A pressure of one 
atmosphere (14°7 pounds per square inch) reduces the 
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Fie. 1.—HERMIT CRAB LIVING IN 
SALISM WITH ACTINIAS. 


ence of other Sagartias that were fixed either upon the | volume of water only 1-47,500,000 part. 


Fie. 2—DEEP SEA PAGURUS COVERED WITH 
A COLONY OF EPIZOANTHES. 


iven this small 


| 16° to have the same bulk as it did at 32. 


| Bearing all these facts in mind, it is not so difficult 
|to understand the strange results which follow the 
|freezing of water, if it is also understood that ordi- 
nary ice crushes ouly under a pressure of about 30,000 
pounds per square inch. 
| One of the most common incidents of the modern 
| house in the winter time is the freezing of the water 
| pipes. Usually the service pipe is the most liable to 
this accident. If the pipe bursts, it is the expected 
| which has happened, he reason appears obvious. 

But it often happens that the pipe does not burst, 
jeven though the ive stops the flow of water. So the 
pipe leading from the street main to the house fre- 
quently freezes solid and remains in that condition for 
weeks without injury. How can such facts be recon- 
'eiled with the expansion of water when freezing ? 
| How, too, does it often happen that a single cold night 
may cause one pipe to burst in a dozen places ? 

hen a pipe is cooled the water contracts and the 
density increases until the maximum is reacbed at say 
39° Fah. If the cold has reached the pipe at only one 
point and the intensity has not been great. the ex- 
yansion below that point has been slow and the water 
bes been forced back toward the street wain, or out at 
the faucet, if it has been allowed to drip. The ice, when 
it began to form, has done so at a very slow rate, and 
| the water has been forced away to make room for it. 
The strain on the pipe has, therefore, been very small. 
In general, when the freezing is very slow, the strain 
on the walls of the pipe or vessel is not great, if the 
water and ice have room for expansion in the direc- 
tion of the length of the pipe. Freezing under the 
conditions named may take place over and over again 
without bursting the pipes. 

The freezing of underground service pipes in the 
streets is nearly always under the conditions just de- 
scribed. The heat is extracted from the water very 
‘slowly, while the water can be forced back into the 
street mains without difficulty. 

A slight change in the conditions, however, produces 
entirely different results. Let the pipes be gradually 
cooled, so that when 39° is reached they are filled for 
| their whole length with water of the greatest density. 
Then let the first freezing take place at the outer wall. 
| The whole, or nearly all, of the water will then be in 
condition to undergo the greatest possible expansion, 
| If the freezing be progressive and slow the pipes may 

be burst in a dozen places, and masses of ice may 
project from the cracks. In such cases the water bas 
its freezing point slightly lowered by the pressure 
within the pipes. When the metal gives way the wa- 
ter is instantaneously converted into ice, even while 
in the act of being projected from the openings in the 
pipe. 

In the case of iron pipes, which yield very little, the 
destruction is usually greater than in lead. The lat- 
ter pipes frequently stretch under the slow expansion 
of the ice, so that they take little injury. 

The continual expansion of ice with the fall of tem- 
perature accounts for the more destructive action of 
a “hard freeze” than that of alight one. “ Freezing 
jand bilging” is a common term in some parts of the 
}country. It is used to denote a swelling up and split- 
ting of the ice itself when sudden freezing is accom- 
|panied by a great fall in temperature. The expan- 
sion of the ice forces a portion of the surface upward 
in a low, flat mound two or three inches in diameter. 

The expansion of the earth by freezing often pro- 
duces queer phenomena. At times the whole surface 
of a wet field will be lifted from one to two inches 
and supported on small pillars of ice. The expansion 
in freezing is, for reasons connected with the mode of 
erystallization, which cannot be explained here, ex- 
erted entirely in an upward direction. The lifting 


glass sides of an aqua’ium or upon stones, I have often | reduction may be due to the presence of some gas and expanding action of the ice in opening the ground 
been witness of the maneuvers by means of which the | like argon, which the poms vey may have been 


crustacean succeeded in associating itself with such ac- 


tinias. 
“One of the latter is seized with the claws of the Pa- 


gurus, which agitates them asif it had to check the) 


resistance of a prey capable of escaping. These mo- 
tions, long continued, produce in the first place a re- 
traction of the actinia, and afterward cause its foot 
disk to let go its hold of the surface to which it is 
fixed. As soon as the actinia is detached. the Pagurus 
clasps it between its legs and the cassidaira until the 
disk has become tixed to the crustacean’s abode.” The 
actinia gradually crawls over the shell and places it- 
self upon the side nearest the crustacean. 
he commensalism of Sagartia parasitica and Pa- 
gurus Bernardus is therefore very clear. It is at least 
asmuch, if not more so with Adamsia palliata and 
Pagurus Prideauxi. Here each shell carries but a 
Single actinia, but with a very wide foot disk, which 
'8 Concave and envelops the domicile almost entirely 
like a mantle. Furthermore, the sbell is very often 
hot large enough to completely shelter the crustacean. 
Itis then that the actinia, which, prolonging itself be- 
yond the substratum and secreting a solidifiable mu- 
cus, becomes the true abode of the crustacean. The 
artia, on account of its foot disk deformed by com- 
mMensaiism, cannot live elsewhere than upon shells in- 
aie The association is therefore 
aan timate, and very advantageous to the hermit 
tab. which has thus a light and well defended house. 
a. very useful to the actinia, which is placed 
th ventral side with respect to the crustacean, and 
e mouth of which is almost in contact with that of 
the larter. 
Adamsia valliata, as well as the Sagartia par- 
the ag Mr. Faurot, “does not content itself with 
witt vines of the crustacean ; it is mouth to mouth 
‘its host, and sometimes ingests the greater por- 


tien of the prey that the latter is endeavoring to di-| 


ide into bits in order to allow them to enter his jaws. 


€ Adumsia palliata cannot live solitary and never | 


dissociates itself from the Pagurus Prideauxi. 
lie pea from their companion, the actinias soon 
but the Pagurus continue to live. If we place a 


unable to remove. For all practical purposes its bulk 
is unchangeable by any pressure which can be put 
upon it. 

Water, unlike most substances with which we are 
acquainted, does not expand and contract according 


|to a uniform law when heated and cooled. It con 
|tracts quite regularly when cooled until the temper- 


ature of 39°2° Fah. is reached. Then, if the cooling is 
continued, it begins to expand, and continues to do 
so until the temperature is reduced to 32°. At this 


| point the water becomes ice and a further expansion 
| takes place. 
| (0°0855) larger than that of the 
| was formed. 
| instead of contracting, as would be expected, until the 


The bulk of the ice is then 8 per cent. 
yater from which it 
Continuing the cooling, the ice expands 


temperature falls to 24° Fah. Upon further cooling, 
the ice behaves like other substances and contracts 


|regularly with the fall of temperature. 


Reversing the operation and applying heat to the 
ice, expansion takes place in the usual way until 24 
Fah. is reached, when the ice begins to contract, 
The contraction continues up to 32, when the ice 
melts. The shrinking is, of course, equal to the ex- 
pansion which took place in freezing. Still further 
heating diminishes the bulk of the water up to 39°2’, 
when it begins to expand and continues to do se, fol- 
lowing the common course of liquids and other sub- 
stances, Water must be heated to 46° before it has 


‘expanded so as to be equal in bulk to that whieh it 


had at 32°. lee, after expanding down to 24 Fah., 
shrinks on cooling, and when 16° is reached, has the 
same volume as water at 32° and 46°. Water at 46° 


causes the disappearance of the water which has been 
standing on the surface of the soil in the spring of the 
year. After a night of bard frost all the iittle pools 
disappear, to return later in the day as the ice melts. 
In open vessels, like pails, bowls, pitchers, etc., ice 
becomes very destructive. When the water within 
them has reached its greatest density, a thin layer of 
ice may be, and usually is, formed on the surface, 
which has cooled faster than the body of water. The 
ice thickens and the water below exerts the greatest 
possible pressure in all directions. In very cold 
weather, the central part of the ice is forced upward 
by the expansion. In most cases the surface of the 
ice will be slightly raised in the center. This, of course, 
depends, to some extent, on the conditions of cooling. 
The final condition of freezing is a surface covering of 
ice and a lining of the vessel with a thick coating, the 
expansion of the latter often forcing out the bottoms 
of pails, ete. 
he destructive action of ice upon rocks, buildings, 
trees and engineering structures can be easily under- 
stood. With an expansive force which, at its lowest 
limit, is 30,000 pounds per square inch, every crack 
|into which water can fall and where it can freeze is 
eonverted into a wedge. As the temperature falls 
| lower and lower, ice becomes more and more solid and 
has an enormous increase in strength. No figures can 
be given, because no experiments bave been made, 
but at —30° Fah. the stress required to crush ice must 
be nearly three times as great as at 32°. and it will 
have a correspondingly increased disruptive action. 
The figures given indicate that water confined in a 
crevice in an inelastic substance would at —18° Fah., 


and 32° and ice at 16° have the same density, that is! when freezing under pressure, exert a force of about 


to say, one cubic foot bas the same weight. 


| 2,000,000 pounds per square inch. With a sufficient 


An alteration in the pressure upon water has a very | degree of cold the power of water appears to be prac- 


important effect upon the freezing point. 


gree. A French experimenter kept water liquid by a 
pressure of 13,000 atmospheres, though the tempera- 
ture was —)° Fah. 
melted ice at 18° Fah. by the same pressure. 


Each in-| tically irresistible. since no 
| crease of only one atmosphere (14 7 pounds per square | capable of overcoming or retaining the pressure which 
inch) pressure lowers the freezing point 0°01'; of a de-| it can exert. 


known substances are 


DESTROYING INSECTS BY ELECTRICITY. —Some suc- 


The same experimenter. Mouisson, | cessful experiments for destroying moths, ete., in for- 
| ests were made a little while ago in Saxony. 
Changing shape (expanding or contracting) under! ing search light was erected aud set to work. 


A revolv- 
Large 


one, Prideanxi in the presence of a large empty the influence of heat and cold, ice does so to a greater numbers of insects were attracted and were then kill- 
in Altin shell, it will immediately take shelter there. | degree than any of the metals or other solids usually ,«¢d by an incandescent platinum screen, which was 
; ough its new abode may have stronger walls | met with, It expands or contracts about 344 per cent. ' fixed around the lamp.—Electrical Engineer. 
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(Continued from Surrtement, No. 1047, page 16780.) 
THE ARC LIGHT.* 
By Professor S1nvaANnus P. Tuompson, D.Sc., F.R.S. 
LecTurk I,—Continued. 
LOCATION OF THE BACK ELECTROMOTIVE FORCE. 


ANOTHER point which remained doubtfal for a long 
time, even after Edlund had made his observations, 
and these measurements had been made, was whether 
this fixed voltwre that appears in the arc was really 
the back electromotive force, as Edlund supposed, or 
whether it was a “transitional” resistance—a sort of 
resistance located at the surface of transition, which, 
instead of being a constant, as resistances usually are, 
varied inversely as the current. That was, indeed, 
Sehwendler’s view. Schwendler said here is a resist- 
ance which varies inversely as the current ; when you 
double the current, the resistance goes down one-half, 
therefore you want exactly the same voltage as before 
to drive that double current through. After all, it 
may be only a facon de parler to call this by either 
name, but at any rate, reasons can be adduced in fa- 
vor even of so improbable a view. Suppose there is a 
surface between a solid on one side and a vapor on the 
ot or Apart from any question of evaporation go- 
ing onor matter being given off from the solid into va- 
por at that surface, there is at that surface a diffi- 
eulty in the current getting out from the material in 
one state to the other; that resistance will be, other 
things being equal, inversely proportional to the sur- 
face. One square wm. of surface will offer a certain 
amount of difficulty ; with two square mm. you will 
have two possible paths, and the diffleualty of transi- 
tion will be halved. If there is anything that goes by 
area. then, if the resistance is transitional, as it is sup- 
posed to be, it will vary inversely as that area 

Is there anything that goes by the area? Yes; the 
size of the are, which determines the size of the crater 
—1| mean the cross section of the are is found to be al- 
most exactly proportional to the current. If by 
anv possibility you alter your current and pass 
twice as much current as before, [do not say it will 
burn equaliy steadily, but you will find the crater’s 
area will be almost double. This observation was 
made along time ago by Mr. J. D. F. Andrews. and 
is recorded in the Journal of the Society of Tele- 
graph Enyineers. If then the current produces a 
erater proportional to itself, and the transitional re 
sistance varies inversely with the crater surface, it will 
vary inversely with the current, and the effect will be- 
come the same as though there were a fixed electromo- 
tive force. But [do not think that is the true expla- 
nation, because I do not believe in this transitional re- 
sistance It seems to be a way of explaining a thing 
by introducing something which is much less under- 
standable. 

When you have come to this explanation you have 
to explain the transitional resistance ; but vou can ex- 
plain and see the reason for a counter electromotive 
force. Whenever work is done by a current in a 
circuit, it is always done by virtue of a back electro- 
motive force. The fact that there is a back electro- 
motive force in a motor enables you to utilize the elee- 
trical energy. The fact that there is a counter elec- 
tromotive force in an accumlator that you are charg- 
ing enables you to store chemical energy in it. 

The fact that there is a back eleetromotive force in 
an are enables you to do work in that arc. If there is 
a back electromotive foree, it ought to have a definite 
seat. Has it a definite seat? Where are these 39 
volts? Are they at the crater surface; are they distri- 
buted all along the are; are they at the negative 
peak? That was one of the points which was entirely 
uncertain until a few years ago. Several of us have 
worked at it, Prof. Fleming and Prof. Ayrton, 
among others, 

An observation which | made some years ago was 
communicated to the electrical engineers at the time. 
I made an are in the usual vertical way, with the posi- 
tive carbon at the top. In Fig. 4, in order to plot 


Fic. 4. 


+ _ 


volts vertically against lengths horizontally, the are is 
represented as turned over on its side: and the dis- 
tance between positive electrodes is greatly exagger- 
ated. Into the space between the crater and the peak 
I then introduced a third carbon to act as an explorer. 

The difference of potential between the two points 
as measured with a voltmeter was about 45 volts; and 
to measure this the wires of the voltmeter must be 
connected, the one to the negative, the other to the 
positive carbon. But if one wire is connected to the 
negative carbon and the other to the third or explor- 
ing carbon, one is enabled to go fishing about to find 
how this 45 volts of potential difference is distributed 
along the are. If the are merely operated as a plain 
resistance, the fall of potential would be found to be 
distributed along the length equably; when the ex- 
ploring carbon had been moved through half the 
length, the voltmeter would just show 224¢ volts. 
But nothing of the sort is found. 


At a point half way along the potential was found | 


to be about four volts higher than the negative car- 
bon; and as the third carbon was moved toward the 
erater, this rose to nearly six volts. This process, 
then, enables one to locate the whereabout of these 39 
volts of back electromotive force. Suppose one plots 
out vertically the results of the observation (as in Fig. 
4), the high level line to represent the potential 
of the positive carbon, the low level line the 
potential of the negative carbon ; then the volts drop 

* Lectures delivered before the Society of Arte, London, 1805.— From the 
Journal of the Society, 


from high to low, somewhere or other in the distance 
from crater to peak. 
We wight, of course, have measured the voltage 
drop from the positive carbon downward, instead of 
measuring it from the negative carbon upward. This 
method of exploration is precisely similar to that 
| known and used for years in examining the polariza- 
tion of secondary batteries. Inspection of the dia- 
gram that has been plotted from the observations 
shows that there is a drop of something like 39 volts at 
the crater, and then there is a slight regular drop all 
the way down the arc, due to the fact that there is 
eurrent going through resistance; then there is a 
| slight drop at the other end of the peak. I measured 
that slight drop to be two or three volts; but in one 
case, where the are was hissing, I found at that place a 
slight rise. Other observers* have also obtained a rise 
at this end, showing that some inverse phenomenon is 
going on there. The same kind of thing occurs fre- 
quently in electrolytic observations. One finds the 
potential of the intermediate liquid lower than that of 
either of the materials at the two ends. 

If there were a hissing are instead of a silent one, 
the drop at the crater would be found to be only about 
13 volts there, and the whole voltage from one side to 
the other would be very much less. Many years ago 
the observation was made by M. Niaudet that the cur- 
rent, if supplied under certain conditions, increases at 


the moment when the are begins to hiss; if supplied | 


under certain other conditions it, however, decreases 
at the moment when the are begins to hiss. This ap- 
parent back electromotive force has not only been a 
yuzzle to the investigator, but it has led to several fal- 
acious suggestions. 

There is a remarkable paper in the Comptes Rendus 
for 1884 by the late Prof. Jamin. Jamin was an intel- 
ligent man, but he formed this extraordinary opinion 
that an alternating current are would necessarily be 
much more efficient than any are could possibly be 
when produced by a continuous current, whether from 
a battery, an accumulator or anything else. For, said 
he, if you work with a battery or an accumulator, that 
current always flows in one direction, and you have 
39 volts against you ; that means a pure loss of energy 
which is thrown away ; whereas if you work with a 
rapidly alternating current, the back electromotive 
force will help you at each reversal of the current. 
Therefore, the alternating current will be very much 
more efficient. Of course, the whole thing is a mare's 
uest. Jamin did not understand that the essence of 


getting work out of a current, whether from a motor | 


or an are, was to have back electromotive force. 


Another matter which has never yet been properly | 


cleared up is the transport of matter across from one 
side of the are to the other. Unquestionably in a hiss- 
ing are there is a large transport ; particles of carbon 
in solid or liquid state being visibly projected across 
the gap to form the mushroom on the negative peak, 
Besides this bodily transport, there is probably also a 
molecular transport by evaporation at one side and 
condensation at the other. ut the hissing are is not 
the normal phenomenon, and the transport of actual 
particles is abnormal. In a silent are there is very 
little. You may, in fact, substitute asa negative pole 
a piece of metal, if you keep it cool and prevent it 
from melting. The evaporation of carbon at the posi- 
tive surface is quite sufficient to keep the are going. 
However, some researches have been made on this 
point. Sir William Grove thought he got a transport 
in both directions, as did Matteucci, who employed, in- 
stead of carbon, a pole of iron and a pole of copper. 
On examining the two surfaces after an are had been 
allowed to play across, he found that some carbon had 
been carried over to the iron and some iron had been 
carried on to the surface of the copper. But the splut- 
tering effects one gets when using metals in this way 
make one very unwilling to accept such results as con- 
clusive. 

A recent experiment of M. Blondel in photographing 
the image of the are proves, if anything can prove, 
that there is only one direction in which material is 
ever transported, and that is from the positive side to 
the negative—from the crater to the peak. 

ALTERNATE CURRENT ARCS. 

I have the means here of showing an alternating cur- 
rent are. We will turn on the current from the Lon- 
don Electric Supply Company, and I will show the al- 
ternating are first by means of one of those nearly ob- 
solete devices, one which has now become almost a 
museum curiosity, a Jablochkoff candle. All honor to 
Paul Jablochkoff. In the year 1877 he revived this el- 
ementary method of providing for an are ; avoiding 
all mechanism by simply putting the two carbon pen- 
cils parallel at a suitable distance apart, one by the 
side of the other, with a bit of plaster between. On 
switching the candle into circuit the alternating cur- 
rent passes from one point to the otber after being 
started by a temporary bridge piece. Jablochkoff 
used the alternating current, simply because it was 
essential that the consumption should be equal at 
both tips. In the use of the alternate current the 
actions at the tips reverse at every reversal of the cur- 
rent. Foran instant the current flows in one direc- 
tion, then reverses, only to reverse back again. For 
a brief time the crater will be forming ou one tip, and 
the negative peak on the other; then, a very small 
fraction of a second afterward, the action is reversed, 
and so the two carbons are consumed away at equal 
rates. But, for my own part, I do not admire the light 
from the Jablochkoff candle. It always roars and 
hums because of the alternations that are going on. 
The light is down in a hole between two carbons, so 
that it is not diffused in the most satisfactory or eco- 
nomical or agreeable way. 


HIGH VOLTAGE ALTERNATING ARC, 


While I have an alternating current here I should 
like to show you another are phenomenon that is not 
often seen, at any rate outside electric lighting sta- 


tions. I refer to the alternating current are at 2,000 
volts. The are that one gets from a current when ele- 


vated to such a high electromotive force as that will 
| be very much more like that which Davy produced 
with his cnareoal points and his battery of 2,000 cells. 
| That is to say, it will be a real arch of flame between 


* Dr. Sabulka. Zeitschrift fur Elektrotech., Nov., 1894; but see J. A. 


Fleming, ** Electric Lamps and Electric Lighting” (Electrician Series), p. | 
18s. 


|out sideways, like a blowpipe flame. 


two points, and this arch will be blown upward by the 
ascending current of air. You will notice that the 
whole arch itself is more or less luminous, \ 11 sep 
that we get great roaring flames, but you will be ag. 
tonished to find how little carbon is consunid by 
this 2,000 volt are. In fact, the higher one eves jg 
voltage with the are, the less carbon is cons:imed 
and, in some cases, the less light you get. But the 
consumed carbon is very small, and these flanics ap. 
pear to be rather of the nature of trne flames, Only 
there is this difference: Instead of taking combustible 
materials, putting them together and burning them ip 
order to get out heat, you are taking materials whieh 
do not ordinarily burn together, viz., the two constity. 
ents of the air, nitrogen and oxygen, and you are fore. 
ing them to burn together by pumping heat into 
them. It is an endothermic flame, instead of the ordi. 
nary exothermic flame. It is a flame which takes iy 
heat from the current, which requires to be fed with 
heat, in order to exist at all. Certainly some of the 
luminous phenomena one gets with high voltage, and 
at high frequency, are of this nature, and, therefore, 
are not like the true are. In the are itself, when 
made in the air, undoubtedly there is a combustion 
of the air, that is to say, the oxygen and nitrogen of 
the surrounding air are burnt together by the heat, 
and also both of them combine with carbon. 
CHEMISTRY OF THE ARC. 

The chemistry of the are has never been thoroughly 
worked out. rof. Dewar, among others, bas worked 
at it, and shown that not only do you have carbonie 
acid and carbonic oxide produced, but nitrogen com- 
pounds, prussie acid, cyanogen, nitrous acid and vari- 
ous others. He drew off the gases through tubular 
earbons and analyzed them. 

I do not think any one has in any record called at- 
tention to the smell of the are lamp. The are cer. 
tainly bas a very characteristic odor, probably due 
to the fact that the carbon is combining both with 
nitrogen and with oxygen, and that the nitrogen and 
the oxygen are combining together, giving rise to 
compounds which, though more or less poisonous, 
are happily produced in very small quantities and 
give a decided odor to the air where an are is being 
made. These flaming ares at high voltages very soon 


‘produce a perceptible odor; whereas a normal are, 


produced actually by 40 to 50 volts, gives very litle 
smell indeed, and sets free extremely little of the dis- 
agreeable nitrogenous products. 


MAGNETIC PROPERTIES OF THE ARC. 


Among the early things that Davy discovered was 
the effect of a magnet on the are. He showed that 
the are behaved like a flexible conductor, and a 
magnet being put near it caused it to bend to one 
side or the other. If the current in it is ascending, 
it is beut to one side in the magnetic field ; and if it 
is descending, the are is bent to the other side. In 
the case of the horizontal arc, it makes a difference 
whether the current is flowing eastward or westward. 
In the one case the earth’s magnetie field tends to 
bend it up and in the other case it tends to bend it 
duwn. Asa consequence, you can get a larger maxi- 
mum Jength of are with a given current, if the current 
comes in at the east and goes out at the west, than if 
it comes in at the west and goes out at the east. Also 
with an alternating current arc, where the current flows 
alternately up and down, the flame of the are is liter- 
ally pushed on one side. If you examine an alternat- 
ing current are in a mirror that rotates round a hori- 
zontal axis, so as to get a succession of images thrown 
out vertically, vou will find that those images are sue- 
cessively curved right and left, owing to the effect of 
the earth’s magnetism. Walker and De la Rive ob- 
served the are to rotate round a magnetic pole, and a 
number of kindred experiments have been made which 
are very curious. I will only show you one. Here is 
an electro-magnet which I can introduce into the cir- 
euit. I will take a pair of carbon pencils, and, placing 
them between the poles of the magnet, I will try to ob- 
tain the arc, using 40 or 50 volts in the are cireuit. You 
know that ordinarily the are goes out if the carbons 
are parted too far. When it does go out it does not 


j}mmake much noise; there is a slight sound like that 


heard when a candle is puffed out. But try it between 
the poles of that magnet. what do you find ? You can- 
not even get the are to keep alight. It flops out in- 


|stantaneously with a sound almost like a pistol shot. 


The flame is blown inward or outward, according to 
whether the current is flowing down or coming up. 
You notice that I put one carbon at the top and the 
other at the bottom, and then the magnet blows the 
flame outward. If I reverse the carbons and put the 
negative at the top, the flame will be blown inward. 
Even if one works at some distance away from the 
voles of the magnet, you still observe this very pecu- 
iar effect. To burn the are steadily in a strong mag- 
netic field is almost impossible. If I had a larger elec- 
tromotive force, say 300 or 400 volts, so that I could 
support a long flaming arch between those two car- 
bons, and were to form such an are, it would be blown 
This was ob- 
served long ago by Quet in 1852, and in 1874 by the late 
Mr. Werdermann, who proposed to employ it as a sort 
of blowpipe. He set two carbons side by side, like a 
Jablochkoff candle, and arranged a magnet to blow 
out the flame in a long tougue for use in. soldering or 
lead burning, instead of a blowpipe. Recently others 


have combined magnets with ares fer the purpose of: 


making electric blowpipes. The Benardos process of 
electric welding and forging is based on this particular 
use of the are. 
NON-ARCING METALS. 
It has often been noticed that certain metals will 
hardly are at all in a continuous way. If you take two 


| solid cylinders of zine, or two cylinders of antimony, 


and put them close together, and connect them on to 
the electric light mains, and then start an are, by spark- 
ing across, the are will not maintain itself. It splutters 
itself out instantly. This property has been made use 
of in America, where atmospheric disturbances are 
much more serious than in this country, for the pur- 
»0se of constructing a non-arcing lightning arrester. 

ig. 5is a rongh sketch of one form of this device. ‘The 


|inventor, Mr. A. J. Wurtz, made an exhaustive re- 


search * to ascertain which of the metals doand which 


* See Electrical World, vol. xix, 1892, pp. 284 and 245. 
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jonotare. He found that nearly all metals will are, 
antimony, and bismuth. Take the 
am of ap cleetric station, working on an are lighting 
su) plying 40 or 50 lights in series. There is 
ewployeu potential of 2,000 or 3,000 volts, If a light- 
ping flasi: were CO start an are from the outgoing 
line to the incoming line, it would set up a most 

In order to prevent any such catas- 


estructive re. 
d ye happening, there must be provided-a lightning 


ropl 4 4 
werster at the lightning arrester might go on carry- 
ing the arc if it were not made of non-arcing material. 


This is urtz’s invention cylinder, made of par- 
ticular sort ot brass, with a high percentage of zine in 
it, is connected to one line, while another cylinder is 
eonnecte’ (0 the other line, Between them, nearly 
touching one another, is a row of intermediate cylin- 
ders. ‘Tlie middle cylinder in the row is put to earth. 


Fics) 


Those on each side are not connected with anything at 
all, but merely fixed ina frame of stoneware, or some 
non-conducting material, Then, if either of those 
lines are struck by lightning, there will be a momen- 
tary spark across those cylinders in series; and the dis- 
charge will go down to the earth, instead of going to 
the power house and deranging the machinery, but 
it will not persist as a continuous are; the discharge 
will splutter itself out instantly. It is not precisely 
known why this effect occurs with the wetals and al- 
loys named and not with others, 


TEMPERATURE OF THE ARC. 

Until quite recently, the most wild guesses were all 
that could be learnt about temperature of the are, or 
of its various parts; such numbers as 10,000°C. and 
500,000° FE. were quite common. Becquerel, in 1860, 
suggested 2,070° to 2,100° C. as the probable tempera- 
tare of the are between carbons, his source of current 
being a battery of 80 Bunsen cells. In 1879 Rossetti 
published a research, based on observations of the ra- 
diation, in which he came, not without some doubts, 
to the conclusion that the respective temperatures | 
might be stated somewhat in the following terms: The | 
temperature of the positive crater somewhere about | 
3,900° C., that of the negative peak about 3,150° C. He 
concluded that the are itself, although it gave, being 


section, in propartion to the current it must carry, is 


erly formed, and the are will be more or less unstable, 


gaseous, less light, was actually hotter, and he sug- 
gested 4,000° C. as being the best guess available. Ros- 
setti’s value of 3,900° C. for the temperature of the cra- 
ter has been re examined quite recently, in America 
by Nickolls, and in France by Violle. By two inde- 
pendent methods of measurement Violle arrived at | 
numbers a little less, his final number at present being | 
4,500 C. He has arrived at this most recent measure- | 
ment in a curiously direct way, viz., by a calorimetri- | 
cal measurement. He arranged an are in the follow- | 
ing manner: The positive carbon was provided with a | 
small end piece which at any moment could be Knocked | 
off and dropped into a calorimeter. This end piece was 
made the crater of the are, and was allowed to burn) 
away until it was quite thin; the supposition then be- | 
ing§ that it would nearly all be at the same tempera- | 
ture as its luminous surface, Then it was dropped off 
into the calorimeter, and the amount of heat it gave 
out in cooling was measured. The rather extravagant 
assumption had to be made, that the specifie heat of 
carbon at this high temperature might be found by ex- 
trapolation from its known specific heat at lower tem- 
peratures; and the number arrived at agreed with the 
humber derived from the observation of radiation. 
Mr. P. H. Gray has independently arrived at the value 
3,400°. So we may attribute a fairly reasonable ac- 
curacy to Violle’s number. 3,500°. We know that the 
lower carbon, the negative, is a good deal cooler. Vi- 
olle’s number for the negative carbon is about 2,700° C 
e has recently brought forward evidence to show 
that the are itself is probably hotter than either the 
positive or the negative carbon tip. That was pre- 
Viously a matter of inference from the nature of the 
radiations; spectro-photometrieal observations being 
the basis. The new evidence is this: Make the are, 
using not carbon, but a material which forms an are at 
a lower temperature, zine being the material in ques- 
tion. The temperature of the crater will, of course, 
correspond with the temperature of volatilization of 
the zine. Now, if into the flame between the positive 
and negative zine tips vou use some material which is 
less volatile or less fusible than zine, you can again, by 
the aid of the spectroscope, satisfy yourself whether it 
is hotter or not. Violle found that the are between 
the zinc poles could raise a piece of carbon to a tem- 
perature distinetly higher than that of either the 
a, or negative sides; consequently, by inference, 
the carbon are is hotter than either of the 
wank ps. tis to be hoped that other physicists will 
on _ this question. There is really a great deal 
that part of the physics of the are. Still 
Shether iolle bas returned to the question 
ladenende: brightness of the crater is 
of the strength of the current. His 
ion an! 1ouncement is that when he took a very 
Re piece of carbon, and made ares with as small a 


the intrinsic brightness of the crater surface, that is 


to say, the amount of light emitted per square millime- 
ter of surface, was the same. 


EFFECT OF CONDUCTIVITY OF CARBON PENCILS. 
If the pencils of carbon used are of insufficient cross | 


heat throughout their whole length, and waste an 
undue proportion of heat by offering a useless resist- 


ance tothe current. From the point of view of econ- 
omy a good conducting quality of carbon is to be pre- | 


ferred. But, apart from the question of economy, the | 
matter is of importance. Ifa pencil of insufficient | 


used as the positive carbon, the crater cannot be prop- 


while the flame will lick around therim. On the other 
hand, if the pencil is too thick relatively to the cur- 
rent, the crater will be very deep, and again the are 
will burn unsteadily, as the crater shifts its place from 
moment tomoment. For a 10 ampere lamp one fre- 
quently finds the positive pencil to be an uncored car- 
bon 9 or 10 mm. in diameter. If a carbon with a soft 
core is used, a slightly larger size is admissible. It is usual 
to employ for the lower negative pencil a carbon not 
cored, 1 or 2 mm. less in diameter than the upper pos- 
itive carbon. 

If the carbon is of such poor conductivity, or so 
thin, relatively to the current it has to carry, as to be- 
come red hot for more than a few millimeters beyond 
the luminous tip. it will waste by oxidation in the air 
and become conec for a considerable length. A pair 
of such carbons are depicted in Fig. 6at A. It was 
long ago suggested that the conductivity of carbons 
might be improved by plating them with a film of 
conducting metal. At B and C, in Fig. 6, are shown 
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ABC 


the forms assumed by carbons of the same quality 
when they have been coppered or nickeled. The 
current flows freely down the external metal skin 
without materially heating the pencils along their 
length. In the immediate neighborhood of the are 
the metal is volatilized and disappears. Coppering is 
now seldom resorted to, as the carbon pencils of mod- 
ern manufacture are of higher conductivity, and do 
not require to be coated. The conductivity of good 
moulded carbon pencils, such as are now used, is from 
15 to 20 times as great as that of pencils sawn out of 
gas retort carbon, being only from 5 to } ohm per 
foot of length. But coppering would reduce these 
values ten or twenty fold. 


EFFECT OF SURROUNDING GASES ON THE ARC. 


experimenters have found. But the lines that corre- 
spond to different pressures all slope down from right 
to left. They are not all straight, though straight 
over a considerable range. The “‘one atmosphere” 
line is not quite straight, for it begins to turn down 
when the length is small. But its straight part points 


section, or of a badly conducting material, they will | toward 40 or 39, according to the current that is being 


employed. Now if my theory is true, that the are 
temperature is that at which carbon is vaporized, it 
follows that if you put on the pressure you ought to 
have exactly the same sort of effect as happens in 
boiling liquid when you put on pressure; you raise 
the temperatare of boiling. In the present case you 
raise the temperature of evaporation and require more 
energy to make it boil; that is to say, it will boil, 
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other things being equal, with a bigger back electro- 
motive force. 

The diagram shows the line for 2 atmospheres, for 4, 
for 6, and for 10. Let us pass at once to the last as 
being the extreme case, The ‘‘ ten atmospheres” curve 
points back to 48 volts instead of 39. proving, in fact, 
that more work is done by the current in going through 
theare when it is made wore difficult for the carbon to 
evaporate from the crater into the are itself. There are 
some other things which might be noticed in this fig- 
ure. For instance, when working in a vacuum, short 
ares require less electromotive force and long ares a 
greater than is required in air at the ordinary pres- 
sure. The next diagram, Fig. 8, is also one of Dun- 
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Another matter that has received extremely little 
attention is the effect on the arc of the surrounding 
medium. Until recently it was not known what 
would be the effect of increasing the pressure of the 
air or of surrounding the are by different materials in- 
stead of atmospheric air. At a time befcre this 39 
volts of back electromotive force was as well recog- 
nized as it is now, it was supposed that this constant 
part of the voltage had something to do with the sur- 
rounding air; that, in fact, it was due to the oxygen 
and carbon combining. In order to disprove this no-| 
tion, I had some experiments made* three or four 
vears ago, with ares burning in different materials, in 
chlorine, in coal gas, in hydrogen, in nitrogen, ete. 
I found that it did not make one volt difference what | 
the surrounding gas was. The 39 volts were still re- 


different and differs in different gases. In coal gas 
one finds that the hydrocarbon becomes deposited in 


of phenomena. The are may be drawn out toa great 
length and expands in size; but the luminosity of the 
tips of the carbons diminishes and the phenomenon of 
the crater changes. Very little carbon is volatilized 
and the electromotive feree required to sustain the 
discharge is lessened. 

When, however, one increases the pressure, one 
meets with are phenomena that are slightly different 
from those at atmospheric pressure. Here we have 
the justification of the view that the 39 volts is due to 
the work done in the vaporizing of the carbon. So 
far as I know, much the most complete experiments 
yet made on this point are those made in America by 
Dr. Louis Duncan ¢ and some of his students. Figs. 
7 and 8 embody in diagrammatic form the principal re- 
sults of the researches. 

Duncan caused the are to be made in a vessel into 
which the air could be pumped or from which it could 
be exhausted. Take first the case of the are wade at 
the ordinary pressure of one atmosphere. The sloping 
line marked “‘one atwosphere” in Fig. 7 here shows 
the connection between the volts and the length of the 
are; the lengths in successive experiments being 
plotted out horizontally in ;4 of an inch. We have 
in general the same sort of sloping things as previous 


* See Electrician, xxix, p. 460. 


“urrent as 10 amperes, and as large a current as 1,000, 


+ L. Duncan, A. J. Rowland and C. Todd, See Electrician, xxxi, p. 360. 


can’s, plotted out in a different way. Here he is em- 
ploying a constant length of are, but varying the 
pressure. As you increase the pressure from vacuum 
first to 1 atmosphere, then to 2 atmospheres, and so 
on, you notice what happens. With a very short are 
there is a continuous increase in the volts required, 
but if the are is 1g inch long, and you pass from vacu- 
um to 1 atmosphere, you want fewer volts. It is easier 
to send an are through air than through vacuum when 
it is only 4% inch long, but after that the electric 


| pressure required increases. Suppose you begin with 


a 144 inch are, there is a very distinct lowering of the 
voltage, but a little over 5 per cent. in amount. Yet, 
on raising the pressure above 1 atmosphere, the volt- 
age again increases. All this points to something not 
yet discovered. 


quired as the minimum electromotive force for : 
steady are. Incidentally 1 observed that the shape of | 

sitive crate iv is quite | 
the positive crater and of the negative peak is quit | stances, has a definite temperature of volatilization 


when the pressure is kept constant. Change of pres- 
sure will change that temperature. However intense 


the form of a mantle all around the crater, so that} 
the negative peak penetrates up into asort of chimney | of the curre ver fiercely we 
of deposited carbon. When one works at reduced | POUr ‘we tie of 
: P " : | cannot raise the free surface where the carbon Is evap- 
»yressures one begins to vet into the vacuum tube or | cann wee - 
pressures one begins toxet into ™ der orating above that limiting temperature. Increasing 


| the rate at which heat is poured in will simply in- 
crease the rate of evaporation. Further, carbon is 
| found at these elevated temperatures to have chewi- 
eal properties of the wost active kind. No known 
compound exists that is not dissociated at are temper- 
atures. Put any of the wost refractory substances 
known—lime, magnesia, alumina, asbestos—into the 
are, they are dissipated, reduced, volatilized; mix any 
of them with the carbon, and one finds that, without 
exception, the effect of their presence is to reduce the 
temperature, tc lower the degree of luminosity, and, 
what is wore significant, to lower the apparent back 
electromotive force. Increase of pressure, however, 
raises the temperature and raises the luminosity. 
What a glimpse this gives us of the possible state of 
things going on at the surface of the sun! For some 
reason—into which I need not enter—the temperature 
at the sun’s surface is very high, higher, to judge by 
the radiation, than that of the crater of theare. Also, 
the pressure of the solaratmosphere, at the level of the 
sun’s surface, must be much higher than the one atmo- 
sphere of ourair. At such temperatures (and pressures) 
‘all known chemical compounds would be dissociated 
‘into their elements, and all the known elements would 
be volatilized. The last element to be volatilized 
would be carbon. Are we not justified, then, in haz- 
arding the suggestion that the luminous surface of 
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the sun, to which it owes its brightness, is in reality 
a surface of incandescent carbon? If not, what else 
ean it be? 

[Remarks since added, October, 1895.—It is only just 
to add, in view of later researches, that there is some 
evidence not concordant with the views put forth in 
this lecture in January. Experiments made in Ire- 
land by Mr. W. E. Wilson* go to show that under cer- 
tain conditions the light given out by an are lawp is 
reduced in brilliancy when the lamp is burned under 
a pressure of several atmospheres. Mr. Wilson con- 
siders that he has shown that the intrinsic luwinosity 
is lowered. If this should be established, it will of 
course mean that the temperature also is lowered by 
pressure, and that, therefore, the temperature of the 
are cannot be considered as dependent upon the tem 
perature of volatilization of carbon, But it remains 
to be proved whether the temperature of volatiliza- 
tion of carbon is so lowered by pressure. The matter 
is complicated by the circumstance alluded to in the 
lecture, that the melting point of carbon is so close to 
its boiling point, In the absence of any knowledge 
as to whether at the fusion point any change of vol 
ume occurs, and whether such change be an expansion 
ora contraction, it is impossible to say whether in- 
crease of temperature will raise or lower the melting 
point, All one can say is that the question raised is 
still in suspense, and that for the present Mr. Wil- 
son’s observations are distinctly against the theory 
put forward. 

Further, in September, 1895, at the meeting of the 
British Association, Professor Ayrton and Mr. Mather 
communicated a paper on the apparent back electro- 
motive force of the are, which they bad been examin- 
ing by a new method of electrical measurement. This 
method cannot be discussed here, but there are grave 
doubts as to its validity. Using this method, the ex- 
traordinary result was obtained that the supposed 
back electromotive force is a negative quautity, that 
is to say, instead of an electromotive force opposing 
the current, they found a forward electromotive force 
helping it. If this were true it would involve the ad- 
mission that the are would be acting as a source of 
electric power, and it would also involve the admission 
that the resistance of the column of vapor of the are 
is greater than can be accounted for by the fall of po- 
tential per unit of length, both of whieh conclusions 
would be inadmissible.—S. P. T.] 

RESEARCHES OF 

Any account of the physics of the are would be in- 
complete which did not include a reference to the re- 
searches of Professor Ayrton. I listened, when at the 
Electrical Congress at Chicago in 1898, with the ut- 
most delight to a verv elaborate paper, which cleared 
up a number of doubtful points, and gave us far more 
complete details about the phenomena of the are than 
anything hitherto available. The same sort of obser- 
vations had been made by Professor Ayrton, and by 
Mrs. Ayrton, as those which I and other observers had 
made in time past. They bad been carefully compar 
ing the length of the are, the voltage, the current, 
size of crater, and so forth, but over very much larger 
ranges, and with more perfect appliances than any 
previous observer. In particular, they had found 
that if after adjusting any of tue conditions as to 
length, current, and the like, a sufficiently long time 
(exceeding half an hour, if [ remember aright) were 
allowed to elapse, the crater and peak settled down to 
a special form corresponding to those conditions, And 
that to every change of length or of current there cor- 
responded a different form. Only when each separate 
experiment—and there were hundreds of them—had 
been carried on for a sufficient length of time could 
readings of voltage be obtained which were truly nor- 
mal. Results obtained in this patient way, when 
plotted out in curves, showed the most surprising 
regularity. Instead of the broken curves (such 
Frélich’s, Fig. 2 supra) of the earlier observers, curves 
of smooth outline were obtained. Also the observa- 
tions had been pushed further. The curves had been 
carried to extremes—for very large currents, and very 
small currents; to very high voltage, and very low 
voltage ; with very short ares, and very long ares; 
with very big craters, and little craters. 

Those curves contained by far the most complete 
account of the natural history of the are than any 
other thing attempted by any one else. | looked 
forward to the publication of these results with great 
interest. Sad to relate, the scientific man to whom 
Professor Ayrton intrusted the paper before he left 
America to return home, after keeping them beside 
him for some months without sending them to press, 
allowed his negro servant to use them for lighting 
fires, Ovoly a few fragmentary notes remain. Il have 
urged Professor Ayrton to renew his labors and re- 
peat investigations of such importance, and | am glad 
to say that we are likely to have something soon 
from him to repair the loss. But until that appears 
I shall feel, at any rate, as though a very large part of 
the physies of the are was still wanting. 

[Note added, October, 1895.—Durinz the course of 
the current year, Mrs. Ayrton bas communicated to 
the Electrician a series of papers embodying the frag- 
ments of the research of which the records were so 
shamefully treated, towether with the results of re- 
newed experiments. Mrs. Ayrton has further com- 
munieated to the British Association, in September, 
1895, a paper on the formule for expressing the rela- 
tion between voltage, current, and length of are. The 
results of these observations are so important that it 
would be au injustice to their merits to attempt to 
summarize them here. Mrs, Ayrton’s formula has 
been added to those exhibited in the table on page 
9 —S. P. T.] 


PROF, AYRTON, 


ARC FURNACKS, 

From the time of De la Rive and of Despretz, experi- 
ments have been made on the use of the are for eleetro- 
metallurgical processes, owing to its very high tem- 
perature and the reducing action of carbon. Napier, 
in 1845.+ presented to the Society of Arts an electric 
furnace intended for the reduction or metals, consist- 
ing of a lined plumbago crucible. into whieh a carbon 
electrode was introduced, Sir W. Siemens was among 
the first to revive the construction (Fig. 9) of an are 


* Proc. Roy. Soc., 
p. 261 
+ See Mechanics’ Magazine, 1845, p 


May 30, 18%, or see the Electrician, June 21, 1805 


as | 


furnace. He introduced, through the sides of a cruci- 
| ble of refractory and non-conducting material, two 
| pencils of carbon, between which the are was formed. 
Since then great progress has been made by Cowles in 
the production of aluminum alloys, and by Moissan 
and others in the reduction of metals. A wide field 
for commercial development has thereby been opened. 

Another thing has to be done; the chemists must go 
to work. The chemistry of carbon at bigh tempera- 
tures is one of those things that ought really, now 
that the supply of electricity is so common, to be easy 
to experiment upon. The electrician provides what 
the chemist wants, the means of making a high tem- 
perature with an arc. What the chemist has not yet 
worked out is the chemistry of carbon at high tem- 
peratures. Thus, we know that chemists have not 
found a compound yet that cannot be decomposed 
into its elements at the temperature of the are in the 


Fra. 9. 


presence of carbon, so that carbon appears to be the 
nearest approach yet to the universal solvent. When 
I deal next week with the optics of the are I shall re- 
cur to this matter of the behavior of carbon itself: 
but from this point onward—that is to say, in my 
next lecture and in the one afterward—I do not pro- 
pose to return to any of the other materials that have 
been proposed. It simply is waste of time at present 
to deal with ares made with any other material than 
earbon; in faet, | will take this one of the 70 known 
elements, and confine myself to it. And I will deal 
with that element in a particular way, viz., as used in 
the making of an are at about 40 to 50 valts, leaving 
aside all high voltage phenomena, all vacuum phe- 
nomena, all the abnormal phenomena of the are, con- 
fining myself to the are as we know it for industrial 
purposes, 


ELECTRICALLY DRIVEN TWIN PUNCHING 
MACHINE, 


THE engraving, for which we are indebted to En- 
gineering, illustrates a very powerful punching ma- 
chine of the cam lever type, driven by an electrie mo- 
tor. The machine is arranged at each end to punch 
two holes at a time, but as each punch is provided with 
an independent stop motion, either may be thrown 
out of action instantly. This arrangement is found 
advantageous when a plate has to be punched witb 
more than one diameter of holes; as the required dia- 
meter of punches can be fixed in the machine before 
starting to punch, and the plate can be punched with 
out interruption, The machine is equal to punching 
two holes at a time (at each end) 1 in. in diameter 
through 1 in. thickness of steel, 42 in. from the edge of 


| ELECTRICALLY DRIVEN TWIN 


the plate; or one hole of 14g in. diameter through 1K 
in. thickness of steel. It is arranged with side ent. 
ter to cut the notches in stringer plates up to 10 in, 
by 8 in. through % in. thickness. 

The motor driving the machine is of 18 brake |orge 
power and rans at a speed of 700 revolutions per inin- 
ute. The cam shaft and all gearing are of stee|, ex. 
cept the large wheel on the cam shaft. The machine 
has brackets arranged for carrying two cranes. Messrs 
Craig & Donald are the makers of this machine. 


FLEXIBLE SHAFT WITH BALL JOINTS, 
THE use of balls in mechanical constructions cop. 
tinues to increase, and we have recently had an oj por. 


cig. Fig. 2. 


FLEXIBLE SHAFT WITH BALL JOINTS. 


tunity of seeing a new application of them of a most 
interesting character. 

Pursuing the study of the arrangements applicable to 
the manufacture of flexible shafts for the transmis- 
sion of rotary motion, Messrs. Marotte & Company, 
who have already made themselves prominent by 
the invention of a shaft of this kind, have conceived 
the ingenious idea of connecting the links of a flex- 
ee chain shaft by means of a joint consisting of a 
ball. 

It will be seen from the accompanying figures that 
at the extremity of each element there is formed a 
hemispherical concave seat surrounded by claws, 
Upon inuterposing a ball between two consecutive 
links, and then slightly incurving the extremities of 
the jaws with a hammer, there is quickly formed a 
tlexible shaft possessing a surprising facility of curv- 
ature. In order to give this chain the rigidity neces- 
sary for the transmission of motion, it is introduced 
into an elastic sheath formed of a thin and narrow 
strip of steel wound spirally. 

Comparative experiments have proved the very 
vreat influence of the balls upon the reduction of 
friction between the links and this sheath. So it ap- 
pears warrantable to count upon a smaller diameter 
of the shaft for an equal amount of energy traus- 
mitted and, consequently, upon a saving in power. 

There is nothing absolute about the form of the 


links. The inventors are studying a new one that will 
afford greater lightness without prejudice to the 
strength. 


A beautiful aspect is given to this shaft by concealing 
the spirals of the envelope under an ornamented me- 
tailie gauze manufactured at the establishment of Mr. 
Sorgue, at Paris. —Revue Industrielle. 


PUNCHING MACHINE. 


fo\ | 
4 
Wht, 
‘ig. 3. 
Yj 
i, 
SOAR 
— 
|| 
< 
= 


Feervary 1. 1896. SCIENTIFIC AMERICAN SUPPLEMENT, No. 1048. 16751 


TRIPLE EXPANSION ENGINE—FRIKART'’S ‘hibited at Antwerp have valves of the Corliss type, 


and works very steadily under a varying load. The 


though each manufacturer has a different method for| application of the Frikart vaive to triple expansion 


SYSTEM. regulating the admisson and cut-off which he considers 
WE illu-!rate from the Engineer a triple expansion | superior to that adopted by rival makers. In Messrs. 
engine, Which was not long ago exhibited by Messrs. | Cockerili’s eugines the system used is called the 


Fie, 3—THE FRIKART-CORLISS VALVE GEAR. 


John Cockerhill & Company at the Antwerp Exhibi-{ Frikart. They bave for some time made single eylinder 
tion. In nocountry has the rotary valve, which is the | engines on this principle and exhibit one of 100indicated 
main feature of the Corliss system, found more favor | horse power, with cylinder 1 ft. 734 in.diameter and 3 ft. 
than in Belgium, All the large horizontal engines ex-|514 in. stroke. This machine is used to drive adynamo, 


engines is quite new, and the one exhibited at Antwerp 
is the first that has been made. It works at a pressure 
of 150 Ib., and its prineipal Gimensions are: Diameter 
of high pressure cylinder, 1 ft. 354 in.; intermediate, 
1 ft. 115g ip.; and low pressure, 3 ft. 13gin. The length 
of stroke is 3 ft. 11'4 in., and the number of revolua- 
tions is eighty. 

The chief characteristic of the Frikart valve is that 
by it any degree of cut-off from 0 to 75 per cent., or 
even more if necessary, can be obtained with a single 
eccentric, as the governor completely controls the ad- 
mission. It is of the highest importance to be able to 
prolong the admission, as by this means the power of 
the machine to deal with extreme cases is greatly 
augmented. For instance, it may be required to exert 
increased power, or the pressure in the boiler may fall, 
either accidentally or because the fires are being 
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Fie. 4.—ENLARGED VIEW OF PART OF Fig, 2 


allowed to burn down before stopping the works, If, 
as in many machines, when the admission of steam 
extends over more than four-tenths of the stroke, the 
cut-off only takes place toward the end, this sudden in- 
crease in the admission will necessarily make a con- 
siderable, and possibly prejudicial, change in the 
speed. An arrangement by which the admission can 
be regulated so as to take place through any propor- 
tion of the entire length of the stroke is especially 
advantageous for compound and triple expansion 
engines, where there may be a large amount of steam 
admitted into each cylinder. 

In the illustrations, Figs. 2, 3. and 4 show different 
parts of the back admission valve gear. The piston 
being at the back dead point, the cast iron cut-off 
lever, a b, is in the position shown. This lever works 
freely on the axle of the admission valve, and car- 
ries the part of the trip gear which the makers call 
the ‘‘active.” This is in steel, and consists of a finger, 
b ec, and a lever, bd. The “passive” part consists of 
a lever, L, keyed to the end of the vaive axle, and con- 
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nected by a jointed rod to the piston of a dash pot. 
The finger, b ¢, bas a tempered steel trigger, ¢, bearing 
on the trigger plate, k—also in tempered steel—of the | 
lever, L; the piston being always supposed at the back | 
dead point, 

In this position the edges of the back admission 
vaive, and of the orifice; are just touching. The ra 
dius to which the trigger plate, kK, i8 etirved being 
equal to the length of the finger, b ¢, the lead is con- 
stant. On leaving the described position, the admis- 
sion valve will commence to open, and the orifice 
will be more and more uncovered, But the finger, ¢, 
moves with the small lever, b d; and during the os- 
cillation of the point, b, the point, d, which is connect 
ed by levers with the eccentric rod, will movealso, and 
will follow the eurve, m; consequently the edge of 
the trigver, ¢, will describe the curve, M. Lf, there- 
fore, from the center, O, we strike au are, passing 
through the edge of the trigger plate, k, the point 


where this are cuts the curve, M, will be that at 
which the release takes place. At this moment the 
air piston, co :nected with the valve gear at the 


point, p, brings the whole apparatus back immedi- 
ately into its original position. 

The points 0 to 19 on the curves, m and M, and on the 
ares, a and b, correspond to a complete revolution 
of the crank shaft; so that it will be seen that in 
its present position the release takes place at about 
0:70 of the back stroke of the piston, 

The manner in whieh the action of the eccentric 
rod causes the point, d, to deseribe the curve, m, is 
as follows: The point, A, of the eecentrie rod de- 
seribes a sort of ellipse: its vertical movement is 
transmitted to the regulating lever, BC D, oscillat- 
ing at (; at the point, D, is connected a lever with 
three arms, e f 2, of which the arm, f, is joined by 
a stall connecting rod to the sleeve of the govern- 
or, Let us suppose for a moment that this sleeve is 
fixed, and in its lowest position; the point, f, will 
then deseribe a small are round it, and the two ex 
tremities, e and g, will move in the same manner as 
the point, D. It is this horizontal movement which, 
transmitted to the points, d, by the rods, h h, and 
combined with the cireular movewent round the pivot, 
b, cuuses the curve, m, to be deseribed. 

If the sleeve of the governor be raised to its highest 
position, the point f will be raised also.and the points, 
e and g, will undergo a corresponding angular move- 
ment round D, while continuing to follow the horizon- 
tal movements of the same point, the consequence be- 
ing that the point, d, will now describe the dotted curve 
m', and the edge of the finger ¢ will describe the dot 
ted curve, M', The point 10 of this latter curve is ex- 
actly at the extremity of the trigger plate. The trip 
would therefore take place at the dead point, 

For av intermediate’position of the sleeve, the point, 
ad, will describe an intermediate curve between m and 
m', and the finger ¢ will describe a curve between M 
and M'; and thus, by the action of the governor, the 
admission will vary from 0 to 0°70. The admission of 
steam to the low pressure cylinder is fixed and regulat- 
ed by hand ; the cut-off of the low pressure is therefore 
constant, 

Fig. Lis from a photograph showing the high pres- 
sure and intermediate cylinders, which are arranged 
as in a tandem engine. The low pressure evlinder 
drives a crank on the opposite side of the flywheel 
from the other two. The condenser and air pump are 
behind the low pressure cylinder, and in a line with it. 
All three cylinders are steam jacketed ; the steam for 
the jacket of the high pressure cylinder is direct from 
the boiler, that for the intermediate from the reservoir 
or steam chest between it and the high pressure, and 
that for the low pressure cylinder from the other reser- 
voir between the intermediate and low pressure evlin- 
ders. These two steam reservoirs are under the floor, 
and the water which condenses in che jackets is drawn 
off by three separate pumps. and returned to the boil- 
er. The engine has been designed for an effective 
horse power of 600, 


SNOW SHED FIRE PROTECTION, 


THAT portion of the Southern Pacifie Railroad ly- 
ing between Blue Canon and Truckee (Central Pacitie 
division), a distance of 41 miles, says the Railway Re- 
view, is thickly studded with an extensive system of 
snow sheds costing nearly, if not quite, one and one- 
half million dollars. During the winter months these 
sheds are protected from fire by the snow, but in the 
sumer they become very dry and are readily ignited. 
A spark from a pussing engine or a forest fire, or a 
match lit by a malicious tramp, may do great damage, 
not only costing thousands of dollars, for repairs, but 
blocking the road with debris, so that all trains are 
stopped for several days at atime. Several years ago 
the railroad company reduced the danger of fires 
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being set by tramps by issuing orders to trainmen to 
let those gentry of the road ride through the sheds 
whenever they boarded a freight train, and under no 
consideration to put them off until the sheds were 
passed, but other dangers threaten which do not offer 
so eisy aremedy. In spite of spark arresters on the 
locomotives, sparks will rise. Nor does there seem to 
be any way to keep the camper from breaking camp | 
and leaving his fire burning behind bim, 

When from these or any other cause a fire does start 
in the sheds immediate action is imperative. Built as 
they are they form a sort of funnel through which the 
air rushes with great foree, and this draught is in- 
creased when a fire starts. The result is that the 
structure is consumed with tremendous rapidity, and 
stories are told of instances where a man could not ran 
fast enough to keep ahead of the roaring flames. 
Then woe to hit if the fire is behind him and he does 
not succeed in finding an opening through which he| 
can crawl to the outer world, 


| tioned as near as possible to the burning timbers, and 
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whieh are kept locked; These are used exclusively for ignited by sparks from passing engines. For thig 
fire. When an alarm is ting in one of these a gong | purpose the fire trains are rigged with spray nv zleg, 
strikes the number of the box in Sactamento, 100 miles | which completely delage the interior of the sh. cis ag 
away, and on the different points where the fire trains | they steam slowly through them. This wetting ‘own 
are situated. jis done two or three times a week through the bu ttegt 

The forty miles of sheds are constantly patrolled by | months. 
men selected for that purpose. Each man’s beat is| Near Cisco is one of the highest mountain ridgus on 
less than three miles long, and is so arranged that he | the western slopes of the Sierra. On the topmost poing 


lof this ridge, at an altitude of nearly 8,000 ft., there jg 


alittle eabinin whieh a man, bis wife and a boy live 
from the time when the snow first begins to disa) pear 
in the spring of the year until it reappears i: the 
autumn. The man and the boy from the point of ob. 
servation which they occupy can see 35 miles of snow 
sheds, They can also see the entire stretch of moun. 
tain and valley country trom Mount Lyell, in the Yose. 
mite Valley away in the south, to Mount Shasta, 209 
niles to the north, They can see the lights of a dozen 
cities, the canons or valleys of as many rivers and 37 
mountain lakes, but it is for the purpose of watching 
Whenever a patrolinan discovers a fire in a shed, he | the sheds that they occupy the place which they do, 
hurries to the nearest box and turns in the alarm. | The trackwaikers, hemmed in as they are by the sheds, 
Instantly the number is sounded on a huge gong in| cannot see the fires which may threaten the structure 
Sacramento and at fire train stations. The crew of the | from the outside, and this is the reason that the little 
fire train nearest the point of danger spring to their | cabin was built on the top of that mountain, 
places and await orders from Sacramento, At the lat-| Day and night, no matter how stormy the weather, 
ter place the train dispatcher seizes his key and sends | this man and boy keep their vigil, and at the slightest 
his orders along the road to side track all trains. A | sign of fire threatening the sheds a telephone message 
few minutes pass and the word comes flying over the | locating it is immediately sent to Cisco, from which 
wire that -the last train is out of the way. The dis- | place ordersare issued to have it extinguished. These 
patcher then strikes the key again, and the fire train | fires are located from Red Top, the name vy whic 


ses over it a short time in advance of every train. 
he tiost important of all, however, are the duties 
verformed by the fire trains, of which there are three, 
‘nese trains consist of an engine aud tender and two 
flat cars, upon which are mounted immense boilers 
filled with water. These boilers are deckéd to afford 
room for the crew when at work on a fire The regu: 
lar crew consists of three men—the engineer, fireman 
and brakeman. But when an alarm is rung this is 
enhanced by picking up the nearest section gang. Of 
these fire trains one is stationed at Blue Canon, another 
at Summit, and a third at Truckee. 


WA 
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THE PORTAL AT THE ENTRANCE TO THE NEW BRIDGE ACROSS 


THE DANUBE. 


the site of the little cabin is known, by means of a dial, 
in the center of which an arrow swings like the needle 
of a compass, The point of the arrow is directed to- 
| ward the fire, which causes the feather end to cover a 
marking on the dial indicating the name or nuwber of 
the place toward which the arrow points. 


receives the word “ track clear : box 28; go.” The en- 
gineer seizes the throttle, the fire train moves out on 
the main track and starts for the scene where it is to 
do battle. 

The nerves of every man in the crew are strung to 
the highest tension, for these men well understand 
that they are about to make a run at the rate of 60 
wiles an hour down the side of the mountain and 
around curves so abrupt that it seems almost impossi- 
ble that the engine can stick to therails. As the train 
gathers headway the engineer begins an incessant 
blowing of the big chime whistle with w ich the en- 
gine is mounted, and whose sound is familiar to every 
railroad man in the mountains. At the first sound of 
this whistle every one within hearing springs from the 
track and hugs the side of the shed, for he knows that 
in a few moments the train will bound past him like a 
cannon ball. 

When the scene of a fire is reached the train is sta- 


NEW BRIDGE ACROSS THE 
AT CHERNAVODA, 


RouMANIA has, to « certain extent, been recompens- 
ed for the loss of Bessarabia by the ecnnection of the 
network of railroads on the left of the Danube witha 
gvod harbor on the Black Sea by means of the rail- 
road bridge between Fatesti and Chernavoda. This 
bridge, which was opened to traffic on September 2%. 
1895, in the presence of the king, the heads of the civil 
and military departments, the diplomatie corps an 
an immense concourse cf people, connects Bucharest 


THE DANUBE 


\li of these dangers have been reduced to a mini-| the battle begins, The method pursued is the same as 
mum, saysa writer in the San Francisco Chronicle. | is used bv the city fire departments. Two streams of 
The necessities of the oceasion demanded a remedy,| water are thrown against the flames, and it is rare 
and this has been found in a system of fire alarms, pa- | that the fire is not under control in less than twenty 
trols and fire trains that probably surpasses anything | minutes. If the wind is against them the engineer 
of the kind in the world, Situated a distance of a| must be careful not to let his train get too close, and 
mile apart 
guarded track 
boxes similar 


eall| timbers must look alive that the weakened sheds do 
the not fall upon them. 


west— During the intervals between fires in the summer 


placed unlocked electrical 
in use in the cities. On 
** Kast— 


are 
to those 


face of these are inseribed the words: 
rock on track 
fire.” 


shed down--train wreck 


ear off slide | the trains are used in wetting down the sheds so as to | ‘ 
Besides these there are 34 fire alarm boxes, ' reduce as far as possible the chances of their being | dition of both sides of the lower Danube at that time 


throughout the entire length of shed-!the ax and pickax men who toss aside the burning | 


| road 


with the rising port of Kustendji, thereby making the 
Roumanian trade quite independent of any politica 
or commercial disturbances in neighboring states or of 
the freezing of the Danube. 

The work on this bridge was undertaken at the per 
sonal instigation of King Charles, whose first idea was 
to connect the oldest Roumanian railroad, the one eX 
tending from Bucharest to Giurgevo, with the Turkis 
from Rustchuk to Varna, thus connecting 
Roumania with a harbor on the Black Sea that would 
accommodate the largest vessels. The undeveloped 
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Ree delayed the execution of the plan, which was, how- | steady agricultural people, being changed by the new | true compact rock is not found until a depth of 
is “yevived in @ new form when Dobrudseha was | road, as the road between Bucharest and Futesti_has | from 8 to 6 meters upon the right bank, of more than 
8, yor a part of Reumania in 1878 by the Treaty of | changed the barren, sparsely populated steppe of Bar- | 10 meters in the channel, and of 17 upon the left bank 
nd Berlin F aganu into cultivated land.—Illustrirte Zeitung. is reached. It will be understood that the engineers ; 
j 7 English capital, was bought by the state, y " aE y , rock at such a depth, but, after the warning 0 2, 
_— th Bucharest-Patesti road Was taken in hand, THE CATASTRO! HE OF BOUnES. they should no longer have had any hesitation, and, 
os ad fins !.), on August 8, 1882, the Departmentof Public) THE commission appointed to inquire into the | as with the Gros bois dam, which supplies the Bour- 
nt Works red a prize for the best designs for an iron | causes of the catastrophe of Bouzey* has just pre- | gogne canal, should have supported the outside facing 
s railroal bridge between Futesti and Chernavoda. | sented its report tothe Minister of Public Works. It | upon solid rock: 
ve Saligny, | uspector General of Bridges and Roads in|is very voluminous, and, beginning with a complete = 
ar Re Was suecessfulin the competition. Saligny | history of the successive phases of the project, after- Ip 
ne a f the French families which have| ward recalls all the details of the catastrophe of April H. M. & JUPITER. 
belongs one of the French families which have | ward recalls a details of the catastrophe of Apri tee 
become | :turalized citizens of Roumania, and received | 23, 1895, and finally draws the tollowing conclusions:| H. M.8. Jt PITER, which was launched vy Messrs. 
ted his techs cal education in the Polytechnic School of} 1. The masonry of the Bousey dam was exposed to| James & George Thomson, Limited, Clydebank, on 
“ Berlin. Che bridge was begun in 1890 and finished in | tractive stresses that exceeded its power of resistance, | November 18, is a first class battleship of the Majestic 
se Septem ber, 1895. It is the largest iron railroad bridge | because of the want of adhesion of the work executed | class. The dimensions are: Length, bet ween per- 
ad on the Coutinent of Europe. in 1880 to that finished the preceding season. In con | pendiculars, 390 ft.; breadth, extreme, 75 ft. 9 in.; 
7 The entire length of this immense structare is some-| sequence of such want of adhesion, there was pro- | depth, moulded, from upper deck, 44 ft. 9 in.; mean . 
: thing more than 17 miles, and it cost about $6,500,000. | duced, under the action of a tractive stress of 0 565 | draught, 27 ft. 6 in.; disp acement, 14,000 tons. The ; 
ne The nature of the ground was such as to present the | kilogramme, on an average, and of 118 kilogramme | protection consists of an armor belt of Harveyed steel 
~ greatest lifficulties ; in many laces the banks of the| at a maximum, a long horizontal fissure at the point of | 9 in, in thickness, which extends for 215 ft. At the 
~ river are exceedingly steep, and at Chernavoda reach a| underpinning of the masonry, and it was the sub- | ends are transverse armor bulkheads, also of Harveyed 
ve height of from 100 ft. to 130 ft.; and between the main | pressure, caused by the oblique fissure of point 243) armor. which below are 12 in. in thickness and above 
ile braneh of the Danube on the east and the tributary, | (which was due to the displacement of 1884) and by |9in.; and in addition there is a protective deck of 
the Borcea, on the west, stretches a swampy region | the long horizontal fissure, that led to the undermin- j from 3 in. to 4 in. in thickness extending from end to 
~ three or four miles wide, which is flooded at high | ing of the work. end of the ship. This deck is arched and is intended 
at water. ‘he iron briége across the Borcea is support-| 2. ‘The catastrophe of Bouzey shows that it is neces-|to protect the magazines and machinery from frag- 
a ed on two immense stone piers 65 ft. 7 in. above the| sary to arrange the walls of reservoirs in such a way | ments of shells and falling shots, 
ch lowest water mark, and is 3,225 ft. 8in. long. Each of | that the masonry shall not be exposed to any tractive At the botfom the belt, which extends up to the 
= the three spans is 459 ft. long. On the Balta, or flood- | stress. main deck, and is about 15 ft. broad, is 54 ft. below 
= ed ground, and next to this bridge, is a masonry em-| 3. In case an accident similar to that which hap-| the water line, and before and after the belt. the pro- ~ 
. 
4 
THE NEW ROUMANIAN BRIDGE ACROSS THE DANUBE AT CHERNAVODA.--FROM A PHOTOGRAPH TAKEN BY H. WICHMANN, OF GALATZ. 
bankment that is broken by 24 openings, each having | pened to the Bouzey dam in 1884 should occur in other , tective deck is at a lower level than amidships, so that 
a span of 140 ft. 5in. long, and serving as an outlet for| works, there should no hesitation in entirely recon- | the ends of the ship are protected by au under-water 
al — Water at times of flood. A viaduct 2,994 ft. long | structing those portions of the masonry in which there | steel deck. The hull of the vessel has been coated with 
ie pads vom this embankment to the bridge across the | way be a suspicion of the presence of fissures capable Hartmann’s Rahtjen’s composition. / The heavy guns 
“ ran ye proper. Each of the openings in this viaduct of causing sub-pressures, w p are four in number, and each is of 46 tons weight and 
po i Seam OS 199 ft. 7 in. and the slender stone pillars 4. It is expedient to proceed toa verification of the 12 in. caliber, They will be mounted in pairs in re- 
of e I4 ft. 9. in. high. conditions of stability of the existing masoury dams, doubts of Harveyed armor, 14 in. thick, above the 
_ The bridge over the Danube is provided with four | and, if necessary, to reduce the level of the reservoirs main deck and 7 in. thick below, extending from the 
immense piers in the river, forming five spans, the two| that they command, so as to suppress therein all tract-| protective to a few feet above the upper deck. The 
on each side being 465 ft. long, while the central span | ive work. | freeboard of the ship is exceptionally great, the cen- 
is 623 ft. long; this is the longest span in any bridge in The Council General of Bridges, in indorsing the | ter guns being about 27 ft. above the water line. 
sE Europe. The iron trusses above the river piers are 105| conclusions of the report, expresses the opinion that The secondary armament consists of 12 6 in. quick ) 
ft. high, making with the latter a total height of 328|the principal causes of the disaster of April 27. 1895, | firing guns, all of which are mounted tn armored case- 
ns a pow piers extend from 59 ft. to 62 ft. below the | were due to the raising of the dam and reservoir two mates on the main aud upper decks, which afford pro- ‘ 
he 1e river, forming thus the foundation. At/| meters, contrary to the council’s advice given in 1880, tection to the crews working the from the ene- 
a aan a 190 ft. of the piers is exposed above the joined to the existence of fissures that had occurred | my’s quick firing shot and sheli. There are also a 
il- of the — and at high water about 101 ft. The ends previously, and especialiy of the horizontal one, ap- | number of small quick firing and machine guns, and 
nis high oe are crowned by two portais 65 ft. 7 in. | parently due to a want of cohesion between the ma-|5 in. torpedo tubes. Four of the latter are in sub- 
36. oe te one on the left bank being decorated by | sonry of 1879 and that of 1880. A>. merged compartments, so that as the torpedoes are 
vil petra medallions of the king and queen, and the in- The commission makes no reference in its report to} discharged below water there is no danger of them 
nd Cute; Briicke Kénig Karl’s I” (Bridge of King | another primordial vice to which: allusion has already being exploded before being fired by an enemy’s shells, 
ast The 4e sal , been made several Limes, says Le Genie Civil, and that | The other tube is fitted at the stern on the main deck 
he Nowe me ge across the Danube at Chernavoda makes | is the character of the ground upon which the founda- and is protected by an armored mantlet, 
me frees rage pg of the river, which is seldom free | tion of the dam was constructed. A geological sec-| The ammunition is worked in a passage underneath 
of trade ti daring the winter, and secures an outlet for | tion of the Bouzey valley shows the following forma- | the protective deck. From this passage are armored 
ales through the good harbor at Kustendji, which is|tion: A stratum of peat on a level with the surface, | tubes to the various guns, and by means of hoists the 
. food a and the use of which can never be inter-| to which succeed alluvium, sand and gravel, and then | ammunition is conveyed to the respective guns, with- 
. iateene A "y tne political measures of the neighbor-|a bank of schistose sandstone, new red sandstone full | out being exposed to shell fire. The main and middle 
- belag — ; — at the same time this new road will| of fissures, and finally compact new red sandstone. | decks aft will be fitted for the use of the admiral and : 
<b and the « ; _ portion of the trade between Europe The new red sandstone, which was taken as the foun- 'captain and their numerous staff. The whole of the t 
ng harbor of kK ae to the railroads of Roumania and the dation for the work, is very porous and but slightly | remainder of the main deck and middle deck forward : 
id tween the ustendji, because this is the shortest line | cohesive, as was shown by the tests for strength. The | is devoted tothe messing and sleeping quarters of the 
Zast, Dout seas and the countries of the | crew. 
wt 1btless Dobrudscha will now be settled by a * See ScreNTIFIC AMERICAN SUPPLEMENT, No. 1024, p. 16360. The total com olement of officers and men will be 
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about 800 all told. The machinery space is divided 
by means of longitudinal and transverse bulkheads 
into six watertight compartments, two of which will 
be used for the engines and four for the boilers. 
The vessel has a large coal capacity, having space for 
1,800 tons in side bunkers partly above and partly 
below the protective deck. The spaces below the pro- 
tective deck at the ends of the ship are largely de- 
voted to the stowage of ammunition and torpedoes, 
and contain 
ventilating and air compressing engines, and the dy- 
namos, all of which, being essential to the fighting 
efficiency of the ship, are necessarily kept below. 
The vessel is fitted with bilge keels, in order to re- 
duce the rolling to a minimum. The engines of the 
vessel are of the vertical inverted triple expansion 
type. The collective horse power is estimated to be 
12,000, which will give a speed of about 174g knots 
on trial. The boilers, of which there are eight, are 
of the ordinary single ended return tube type. 


MEGASS AND REFUSE FURNACES.* 
By WILLIAM PRICK ABELL, Wh.Se., Assoc. M. 
Inst. O. BE. 
the manufacture of 
few years, largely 
cost of coal, beeome more 


THe use of megass as fuel in 
cane sugar has, during the past 
to 


owing the increased 


general ; and on many estates in the West Indies it 
has entirely replaced coal, of which 25 ewt. were for- 
‘merly required for the production of one ton of su- 
gar. During the years 1800-04, 520 furnaces were re- 
built in British Guiana, at a cost of about £50,000, 
the annual saving thus effected amounting to more 
than £100,000, 

On the assumption that sugar cane contains 12°5 
per cent, of woody fiber and the juice 16 per cent. 
of sugar, Mr. Nevile Lubbock states as the result 
of many trials that double crushing extracts 72 per 
cent. and single crushing 66 per cent. of the juice, 
leaving the green megass composed in each case of 
woody fiber, water and sugar in the following pro- 
portions 


Double Single 
crushed. crushed, 
Per cent. Per cent, 
Woody fiber .... 45 37 
46 58 
ss 9 10 
100 100 


com- 


posed of 60 per cent. of water, 0°44 per cent. of sugar, 
and 30° per cent, of woody fiber. 
In the old furnaces, which do not utilize the oxy- 


gen and hydrogen in the water of the megass for 
combustion, it is calculated that 4°83 Ib. of double 


megass and 598 Ib. of single crushed meg- 
ass are required to give the same amount of avail 
able heat as 1 lb. of Scotch coal. Sir Frederick Brain- 
well and Dr, Letheby, in their report on the sugar 
manufactories belonging to the Khedive of Egypt, 
state that 2°09 lb. of sun dried megass are equivalent 
to 1 ib, of Welsh coal.4¢ From 100 tons of single 
erushed cane are obtained 34 tons of megass, sugar 
aud water combined as fuel, 8'¢ tons of sugar, and 
57'4 tons of water, to be evaporated out of the juice ; 
and from 100 tons of double crushed cane there result 
28 tons of megass, sugar and water as fuel, 94¢ tons 
of sugar and 62%¢ tons of water to be evaporated out 
of the juice. With single crushing, therefore, for 
every ton of sugar manufactured, 4 tons of refuse or 
megass, of which 53 per cence is water, and with dou- 
ble crushing 3 tons of megass, of which 46 per cent. 
is water, are obtained. This fuel, in modern though 
still imperfect furnaces, will evaporate 57'¢ tons to 624¢ 
tons of water from the juice of 100 tons of cane, be- 


crushed 


* Selected paper published in the Proceedings of the Inst, C.E., and 
reproduced by permission. 
+ See also Minutes of Proceedings Inst, C.E., vol, xlvili, page 87. 


also the steering gear, capstan engine, | 


sides generating all the mechanical work involved in 
crushing the canes and mauufacturing the sugar. A 
surplus of megass should be stored while the mills are 
working, so that it may be possible to manufacture 
with it the offal products after the grinding ceases. 

The results of long grinding at a factory producing 
1\¢ ton of sugar per hour show that the amount of meg- 
ass available per hour is 3°75 tons, consisting of 2°03 tons 
of fiber and 1°72 tons of water. This is burnt in five fur- 
naces, of which two are of the type shown in Figs. 1 
jand 2 and three are of the type shown in Fig. 3, 4°24 
| eubie feet of megass being thus available for each fur- 
nace per minute; but sufficient steam is maintained 
| with 8cubie feet per winute. Each furnace has a 
grate area of 20 square feet, and each supplies heat 
}to a multitubular boiler containing 1,300 square ft. 
of heating surface. 

The chimney draught, as shown by a Bailey draught 
gage, is 40 ft. per second, the flue temperature, 
as shown by a Bailey pyrometer, is 500° F., and the 
furnace temperature is such as to melt copper and 
partially melt cast iron, about 2,000° F. The steam 
obtained from these five boilers and furnaces con- 
centrates and purifies 9°45 tons of juice into 14 tons 
of pure vellow sugar per hour. The boiler pressure 
is 75 1b. per square inch, and the cane is crushed at 


19°45 tons of juice being produced—the latter consist- 


ing of 1°25 tons of sugar and 8°20 tons of water and of- 
fal. In addition to extracting juice from the canes 
with a pressure of 250 tons on each of the top rolls, 
the water is evaporated, the sugar is cured and the 
molasses is cOnverted into rum and second sugar. 
The 3°75 tons of megass develop the requisite power 
without the assistance of any other fuel, the duty of 
the engines employed amounting to 463 I. H. P., and 
the heating surface in the evaporators being 5,650 
square ft. 

The water in megass was, until a few years ago, 
evaporated in the furnace and driven out of the 
chimney as waste steam. In some cases the megass 
was dried in the sun or in logies, on the theory that 
to employ water as fuel was to use more energy than 
could be realized from the combustion of the oxygen 
and hydrogen obtained from its decomposition. Or- 
dinary megass, if burnt in the usual way, scarcely 
yroduces heat enough to promote its own combustion. 
| The result of the improvements in furnaces has been 
that condensed steam or white smoke is seldom seen 
issuing from megass chimneys. Green megass nay be 
taken to consist of 50 per cent. of fiber and 50 per 


|cent. of free water, the small quantity of sugar and | 
he chemical analysis | 


‘ash present being negligible. 
of the substance is: 


| Per cent. Per cent. 
Carbon.... ... 25°00 
Hydrogen... 2°78 » Woody fiber........ 50 
Oxygen ....... 22°22 \ 
Hydrogen ..... 5°56 ) an 
44°44 Free water . - 0 


Meyass thus contains exactly the amount of oxygen 
necessary for the complete combustion of its carbon. 

When bydrogen and oxygen exist in a compound in 
the proper ratio to form water, its constituents have 
no effect on the total heat of combustion. This would 
be the case with woody fiber in megass, under ordi- 
nary circumstances, when burnt inthe older type of 
furnace. On the other hand, in a properly designed 
green megass furnace, when thoroughly heated, the 
water, in the form of aqueous vapor, is decomposed in 
passing over the highly incandescent and porous carbon 
of the megass; oxygen is liberated, and combines with 
the carbon to form ecarbonie acid; and the hydrogen 
passes off partly uncombined and partly as carburet- 
ed hydrogen. he latter, in presence of sufficient oxy- 
gen and at the high temperature of the furnace, un- 
dergoes further combustion, and yields additional heat 
by its conversion into carbonic acid and water. This 


quired fora furnace after it is properly started. If the 


pores of megass could be impregnated with air and 


Fig. 3. 


saturated to the required extent, each atom of car- 
bon being contiguous to the necessary air before 
the fuel was thrown upon the grate, the result would 
differ from the ordinary smouldering combustion, and 
would approach that of gunpowder, which contains 
the necessary oxygen for perfect combustion without 
air. The fuel should first be gasified and then burnt, 
the moisture being split up, and the oxygen and 
hydrogen used for the combustion of the carbon in the 
megass 

In an efficient megass furnace perfect combustion of 
the gases and carbon flecks should be produced, the 
gas being first liberated and then consumed, so that 
no white vapor escapes from the chimney. It should 
require no increase of chimney height, and should 
work without foreed draught. The temperature in 
the combustion chamber snould be sufficiently high 
for the production of water gas. Ample provision 
should be made for expansion through large and vary- 
ing ranges of temperature. Furnaces have been con- 
structed in which the waste heat from the chimney is 
utilized for drying the fuel on its way to the firebox. 
Experiments made by the author in 1887, however, 
showed that with a flue temperature of 550° Fah., a 
a of megass 3 in, thick took forty five minutes to 
dry. 

in Fig. 4is shown the Alfred Fryer furnace, intro- 
duced in 1883 by Mr. Maurice Costa, and adopted with 


the rate of 13°2 tons hourly, 3°75 tons of megass and | 


is shown in practice by the fact that little air is re- | 


‘suecess in British Guiana. The grate, b, is inclineg 
with the lowest part at the furnace front, and the 
green megass is introduced between the bars and 
boilers, a, so that all the flames pass through and over 
the green fuel on its way down the drying plane, ¢, 
The megass is introduced at the opening, e, and, fall. 
ing on the inclined drying plane, it gravitates diuwn- 
ward on the fire bars as that below itis burnt. The 
whole of the products of combustion pass up over this 
drying plane, and there evaporate, taking up much of 
the moisture of the megass. The flames then pass the 
| feed mouth into the combustion chamber, d, and final- 
ly into the boiler. No air was observed to be draw, in 
‘at the feed mouth, although the stream of flame was 
always plainly visible passing this opening, which 
measured 10 in. by 5 ft. 

In 1890 the furnaces shown in Figs. 1 and 2 were in- 
troduced by the author, They are arranged in pairs, 
the air for combustion being drawn between the two 
furnaces at a, over the boiler tops, b, and finally over 
the reverberatory arches, ¢ c’, into the ashpit. The air 
is caused to pass the hottest or lower part of the fire 
bars by the deflecting plate, d, reaching the top end 
of the fire bers and entering the megass at a temper- 
jature of 300 deg. Fah. The check wall or plate, e, 
\regulates the thickness of negass on the tire bars. In 
order to still further heat the air and facilitate the 
-——, combustion of the gases and carbon flecks, a 
similar furnace, but possessing an additional combas- 


| tion chamber, was introduced and gave highly satis- 
| factory results. Ip 1892the automatic feeding arrange- 
ments were added, with a view to reduce labor on 
megass platforms, to dispense with the gearing bither- 
tojused in mechanical firing, and to give a constant 
and regular feed of fuel. They have proved so sen- 
sitive in practice, that without any assistance they 
‘an supply one furnace with the exact quantity of 
megass, passing the surplus op to the next. The me- 
gass is carried the whole length of the platform by 
the usual rake carrier, connected with each furnace 
by inclosing hoppers. Down these the megass falls 
direct into the furnaces until the hopper is sufficient- 
ly full to cause the megass in the carrier to pass over 
that inthe hopper. The surplus megass can either 
be discharged at the carrier end or be stored between 
each furnace by opening intermediate doors under the 
control of the attendant. No firemen are required, 
except when the megass furnaces are not stopped, 
owing to the mills ceasing work, in which case, by 
simply opening the door at the bottom of each inclos- 
ing hopper, the furnace can be fed by hand in the 
usual way. The attendant simply regulates the flue 
dampers to give the Lecessary steam, and adjusts the 
intermediate doors, to prevent too much megass from 
accumulating at one place. He also sees, by means 


Fig-6) 


of the peepholes in the hoppers, that each furnace 1s 
taking its proper amount of fuel. 

The apparatus shown in Fig. 5 utilizes the weight 
of the megass to regulate its own feed. The hopper 
is hinged ate. f being an opening in the cross carrier, 
d adamper or sluice, and ¢ a balance weight. The 
megass passes down the shoot, b, to the furnace un- 
til it is full, and then the weight of the megass, accu- 
mulating in the hopper, causes it to descend about 
the hinge into the position shown by the dotted lines, 
at the same time raising the balance weight and siid- 
ing the sluice or plate over the opening, f, thus caus 
ing the megass to pass on to the next furnace. 

In 1893 a furnace was tried by the author in which 
the fuel was passed through an open-ended retort 
»rojecting vertically into the combustion chamber. 

he flames of combustion heated this retort, and there- 
by heated, dried and distilled the gases out of the 
megass ready for combustion so soon as they reach 
the combustion chamber, the solid, partly dried fuel 
falling upon a hearth surrounded by four rigeonholed 
walls, It was found advantageous to block up the 
pigeonholes uhtil only seven square feet of grate area 
were allowed for burning seven cubie feet of meass. 
The ratio was thus one square foot of grate area per 
cubie foot of megass, whereas it had previously bee? 
six square feet of grate area per cubic foot of megass 
burned per minute. In other werds, with a boiler bav- 
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laine one-third the usual grate area, the amount of 
ained from double the quantity of megass 


was three times that derived from similar boilers with 


ordinary furnaces in the same battery, and this with | 


apatural chimney draught of 40 feet persecond. The 
construction of the farnaces required only about half 
the number of bricks of ordinary furnaces. 

The loss of megass, and particularly of diffasion 
chips when eharred and partly burnt, is considerable, 
on account of the unburnt carbon flecks. These are 
similar in appearance to the end of a charred match, 
and are carried through the farnace and up the chim- 
ney uuburnt in such quantities that on a still morn- 
ing the ground round a sugar factory becomes strewn 
with them toa depth of some inches. To prevent 
the waste from this cause, a centrifugal combustion 
ehamber, Fig. 3, has been successfully adopted for re- 
taining the earbon flecks until they are distilled and 
completely consumed. The megass enters at e, and 
falls to the fire bars, b. The flames are led into 
the combustion chamber, d, tangentially at g, so that 
the heavy unburnt particles are speedily separated 
from the light gases by centrifugal foree—the heavy 
sparks and earbon flecks flying off to the circumfer- 
ence, and the light flames of combustion finding their 
way through the center, g, up the flue into the 
boiler, a. The same arrangement has been applied 
with success to the retort type of furnace, wherein 
tne combustion or whirling chamber is arranged 
above the hearth, around which are fixed tangen- 
tial tuyeres supplied with air, preferably under pres- 
sure, from the chamber. The air enters the tuyeres 
apd produces a whirling motion, which causes the 
heavier unburnt particles of megass or chips to re- 
main in the chamber, which is of large diameter, in 
virtue of their weight, while the lighter products of 
combustion pass up the deflector. 

The economy of megass furnaces is still susceptible 
of great improvement, by the adjustment of the pro- 
portions in which the several constituents are con- 
sumed, rather than by the introduction of new princi- 
ples of construction or operation. 


AN ELECTRIC REFRIGERATING MACHINE. 


THE production of cold by means of the machine 
represented herewith is based upon the use of anhy- 
drous liquid ammonia, which, through its evapora- 
tion, absorbs the heat of the surrounding bodies. Al- 
though the apparatus may be employed for the manu- 
facture of ice, it is more particularly designed for keep- 
ing apartments at a definite temperature for the sake 
of comfort. 

The vaporizer or refrigeratory consists of a system 
of tubes in which the ammonia gas expands and cir- 
culates indefinitely, but in most cases the carriage of 
the cola is effected through the cireulation in these 
pipes of an incongealable liquid cooled by a vaporizer 
or expander installed near the machine. A pump 
compresses the ammoniacal vapors, which liquefy in 
a condenser in which the cold water of circulation re- 
moves from the ammonia the heat absorbed during its 
passage in the vaporizer. ited 

It is the well known principle upon which is based 
the operation of frigorific machines using gas liquefied 
by compression. The peculiarity of the installation 
that we represent consists in its being actuated by 
means of electric energy. The apparatus for produc- 
ing cold is of the type devised by Mr. Linde, to whom 
is due in great part the credit of causing the am- 
monia gas machine to take the rank that it at present 
oceupies in the industries, 

As for the electrical part, that is due to the All- 
gemeine Elektricitéts Gesellschaft,fof Berlin. Accord- 
ing to circumstances, the transmission of motion to 
the frigorifie machine-or rather to the compression 
pump is effected by means of a belt, friction disks 
or an endless screw gearing. It is this latter method 
of actuating that is here figured. 

The electric motor is established upona bracket fixed 
to the ice machine and connected by means of coupling 
boxes with the shaft of the endless screw. The wheel 
is keyed directly upon the crank shaft of the com- 
pression pump, which is arranged vertically. A heavy 
flywheel makes the running uniform, and the erdless 
screw, as well as the wheel at the point of gearing, is 
covered with guard plates. 


1.30) square feet of heating surface, the furnace | An installation of this kind is particularly recom- 


mendable for small establishments supplied by an 
electric system. It presents a great character of sim- 
plicity which reduces the surveillance in a great 
measure. Besides, no heat is developed for the pro- 
duetion of the work, as in the use of machines employ- 
ing fire, which, in this regard, may exert a certain in- 
fluence upon the rendering. 

Under certain working conditions, when the ma- 
chine is provided with a circulating pump, it consumes 
about 3,660 watts, and, without a pump, about 3,200 
watts. 

Such eleectro-frigorifie installations may find numer- 
ous applications by reason of their simplicity and the 
facility with whieh they may be employed ; for ex- 
ample, for the preservation of meat and food in abat- 


Fig 1 2 4, Fig 2 


DETAILS OF FRIGORIFIC MACHINE. 


toirs, hotels, and on ships, for the preservation of 
milk, and for the manufacture of ice in the trade of 
the confectioner. They are also well adapted for cool- 
ing air, which, remaining always dry and pure, may 
be employed in hotels, villas and dwellings, especially 
in southern climes.— Revue Iudustrieile. 


SODIUM IN ALUMINUM. 


AN important paper, having for its title “On the 
Presence of Sodium in Aluminum produced by Electro- 
lysis,” was read at the recent meeting of the Academie 
des Sciences, in Paris, by M. Moissan, of which the 
following is a brief extract. 

The results, the author stated, obtained by many 
experimenters into the properties of aluminum have 
been of a very varied and often contradictory char- 
acter. In several countries endeavors have been 
made to utilize aluminum on account of its lightness, 
in the form of culinary and other utensils, and so 
lighten the equipment of soldiers, Here, again, vary- 
ing results have been obtained ; in some cases the metal 
has been found to give such good results as to warrant 
its extended use, but in others it has proved deceptive. 
These difficulties are due principally to differences in 
the composition of aluminum as made for commercial 
purposes. In July, 1894, M. Moissan demonstrated 
that it is possible for aluminum to contain nitrogen 
and carbon, and he bas shown that the presence of 
these bodies greatly modifies its properties. M. 
Moissan has recently had occasion to analyze samples 
of aluminum obtained from three of the largest exist- 
ing aluminum works at La Praz, France, Neuhausen, 
Switzerland, and Pittsburg, U.S. A., and it is tbe 
result of these tests that he communicated in the 
paper under notice. The author stated that he found 
in the aluminum a new impurity, which appears to 


him to have an important effect on the Conservation | 


Pia. 4—LINDE FRIGORIFIC MACHINE ACTUATED BY ELECTRICITY, 


of the metal, the impurity in question consisting of 
sodium. The presence of this impurity in aluminum 
may be determined in the following manuer: Place 
250 grammes of filings, carefully prepared, in an 
aluminum bottle containing 300 cubic centimeters of 
distilled water, the latter to be prepared in a metallic 
still. This mixture, together with the bottle, is placed 
at one side for a couple of weeks ; it, however, being 
caused to boil every day. The contents are then passed 
through a filter and washed in boiling water. The 
remaining liquid, which is slightly alkaline, is then 
evaporated to dryness in a platinum capsule. It is 
next heated up to a dark red, the mass becoming 
brown in color, Dilute pure hydrochlorie acid is then 
added, whep carbonie acid will be given off. The 
mass is again evaporated to dryness, then heated up 
to a temperature of about 300 deg. C., in order to drive 
off the excess of hydrochloric acid. When this is done 
there will be a residuum presenting all the character- 
istics of chloride of sodium, This is taken up by 
water and the quantity of chloride in the form of 
ebloride of silver estimated. From the weight of this 
latter body the quantity of sodium taken up by the 
water from the aianiaem filings may be deduced, 

In the course of his experiment, M. Moissan has 
traced the presence of sodium in quite a number of 
samples of aluminum, the content varying from 0°1 to 
03 per cent. An old sample of aluminum was found 
to contain 0°42 per cent. he presence of sodium in 
aluminum shows that the electrolytical action of a 
mixture of cryolite and alumina gives rise to a number 
of secondary reactions, in which sodium may play a 
variable part, according to the composition of the bath 
and the intensity of the electric current. 

Coming now to the effects on the properties of alu- 
minum when sodinm is present, M. Moissan states 
that cold water will attack aluminum, at first slowly, 
followed by progressively increasing intensity. In 
fact, if a sheet of aluminum is surrounded by a small 
volume of water, it will be found that a thin layer of 
alumina will be formed on the metal. Allowing the 
metal and water to stand undisturbed fora short time, 
it will be seen, after a few days, that the liquid has an 
alkaline reaction on sensitive litwus paper. From 
that time forward the Gecomposition of the metal be- 
comes very rapid. On every part of a piece of alu- 
minum containing sodium alkali is to some extent 
formed. which reacts on the metal, giving an alumi- 
nate, This aluminate of sodium can afterward be 
sean by water, giving a sediment of alumina and 
soda, 

It will be apparent from the foregoing that the 
|alloys which it is possible to prepare with aluminum 

will possess very different properties, according as the 
metal contains a slight percentage of sodium or not. 
| In this connection it may be stated that M. Riche, in 
| his work on alloys of tin and aluminum, has shown 
| that these alloys decompose water at ordinary tempe- 
‘rature. M. Moissan succeeded in preparing an alloy 
_of 6 per cent. of tin with aluminum entirely free from 
|sodium, and under these conditions, after being im- 
| mersed in ordinary water for a period of two months, 
the metal became spotted at several points, and gave 
some efflorescences of alumina. No gaseous vapor 
was however given off. This experiment was carried 
out as follows: Aluminum, free from sodium, was 
alloyed with 6 per cent. of tin, while shielded from 
the action of nitrogen and the furnace gases. A sheet 
'of this metal was divided into two parts. The first 
| piece was placed in the river Seine, where the water is 
lagitated each day; the second piece was placed in a 
Bohemian glass containing Seine water, on which was 
a layer of oil several centimeters thick. The average 
|temperature in the laboratory was about 20 deg. C. 
The experiment, which was commenced in September 
\last, was carried on over a period of two months. 
| During this time the aluminum became covered with 
| white efflorescences, it became spotted over nearly 
‘the whole of its surface, but in neither case were any 
|globules of hydrogen given off. It was found that 
the piece of aluminum placed in the river was most 
‘rapidly attacked. This experiment was made on an 
‘aluminum containing only a small proportion of tin. 
M. Riche has, however, shown that with a greater per- 
‘eentage of tin the alloy more readily decomposes 
| water, and it was upon this fact that M. Riche hased 
his statement that aluminum could not be reliably 
welded by an alloy containing tin. 
| M. Moissan, before publishing the results of his ex- 
| periments, communicated with several other experi- 
menters in aluminum as to the presence of sodium, 
several of whom, including M. Riche, agree as to the 
presence of sodium. M. Moissap also drew attention 
to the lack of homogeneity in aluminum and alu- 
minum allovs, especially an alloy of aluminum and 
copper. This want of homogeneity is especially 
noticeable in the many aluwinum stampings now 
sold. Taking an aluminum vase and filling it with 
distilled water, at the end of a fortnight, a number of 
white spots of hydrate of alumina will be found on the 
vase. The spots continue to increase in size, and if 
the part attacked be cut out, and the hydrated 
alumina removed, a small particle of carbon or other 
substance will, in most cases, be discovered by the aid 
of a microscope, this forming a pole, causing the 
metal to be attacked on its surface in a more or less 
degree. By filling the vase with a saturated solution 
of chloride of sodium instead of water, the phenomenon 
becomes more noticeable, each particle of carbon 
causing a reaction on the sheet of non-homogeneous 
aluminum sufficient to penetrate it. On the other 
hand, in the case of homogeneous aluminum, having 
no trace of nitrogen, carbon, or sodium, no reaction 
takes place, and the water, although it may have been 
in contact with the aluminum for some time, will 
contain no alumina and will retain its limpidity. The 
same phenomenon is met within the case of a.cohol 
diluted with water, and in the case of a poor guality 
of aluminum this will explain the reaction which 
has been found to take place in alaminum drinking 
cups, and which has by some experimenters been at- 
tributed to the action of tannin. 

In concluding his paper, M. Moissan remarked that 
“as aluminum has a great tendency to form an 
electric couple with any other metal, it should always 

used alone, and not in conjunction with other 
metals. A piece of iron or brass in contact with 
aluminum will in a siort time bring about the oxi- 
dation of the metal and its conversion into alumina,” 
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TARPON FISHING PLORIDA., 


THE accompanying engraving shows the method 
used in capturing the tarpon or, as he is called by ang 
lers, the silver king. The fisherman uses a short rod 
and reel, the latter holding several hundred feet of 
line, The hook is aitached to the line by either 
piano wire or a light chain, whien is to prevent the 
fisii from biting off the hook. All prepared, the 
svortsman and boatman anchor in water where the 
fish are in the habit of feeding. The bait used is a 
viece of mullet, which the tarpon is allowed to swallow 
Sotem the angler drives the hook home. Then comes 
the struggle, as the steel becomes embedded in his 
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TECHNICAL EDUCATION. 
By H. H. Simmons, A LE.E. 


THERE are two fundamental questions regarding 
technical education which are most difficult to answer, 
and are consequently most vexed, The one is. What | 
should be the duration of the purely theoretical train 
ing? and the other, When should this training be 
given? To give an arbitrary answer to either of these | 
questions is surely impessible, for it must be affected | 


| 


— 
derworked and require little or no exercise of inge: uity 
or skill on the part of the operator. The expenditure 
on these shops is necessarily very large both in prime 
cost and upkeep, and it is hardly fair to look for im- 


| provenents which would add largely to the co-t of 


working. 
It is, of course, out of the question to hope for :nan- 
ual skill of any high order from these shops, but ‘hey 


| might surely be worked so as to be much more «ffiej- 


ent in acquainting the students with ordinary work. 


both by the natural capabilities of the individual and | shop methods. Broadly speaking, one of three courses 


the course he has mentally mapped out for himself. 
Apart, however, from such variable consideritions as 
these, there are, it seems, two sides to both questions— | 


is now usually followed. College is made to follow 
immediately upon school, and the workshop or draw. 
ing office, or both, of some commercial undertaking, 


TARPON FISHING IN A FLORIDA RIVER, 


throat or stomach, and in his agony he throws himself | that is to say, it is an open question how best to give |supplies the further practical training without wii 


many feet in the air in his wild efforts to dislodge the 
hook. Failing in his endeavors, be starts off with a 


wild rush, towing the fishing skiff after him. ‘The | 


rushes and leaps continue till the fish is exhausted, 
when he is either landed by means of the gaff or pair 
of grains,—ILIL London News, 


Apourt 15,000 tons of starch have been made from 
potatoes this season in the three States of Wisconsin, 
Minnesota and North Dakota. Not far from three 
and a half million bushels of potatves have been thus 
used, and yet this represents about half the product of 


the potato belt. The farmers have received an aver- | 


age price of tev cents a bushel for the potatoes, 


a good all-round training to a man of average capa- 
bilities, 

The ideal method is an elastic combination of theory 
and practice, including manual training, and such that 
}it leaves the learner free to attack any difficulty 
| which presents itself in either direction, care being 
| taken to maintain the balance, so that the bearing of 
| practical on theoretical and theoretical on practical 
considerations be duly and simultaneously kept in 
view—an ideal almost impossible of attainment, ex- 
cept perhaps to the millionaire. This ideal is, how- 
ever, hinted at, and an apologetic attempt to reach 
it is made in most technical colleges by the mainte- 
nance of a more or less sleepy workshop, where the 
| machine tools are of an excellent kind, very much un- 


|no budding engineer begins to be worth his salt. OF 
| this order is reversed ; or, thirdly, pupilage supplies 
'the practical and evening classes the theoretical train- 
ing. 

The second course is, perhaps, the best, as a rule, 
|for if a man be fit to become an engineer at «ll, he 
cannot fail to observe and to seek the why and 
wherefore of what he sees, and this renders hit pe 
'culiarly receptive toward the information subse«uent 
ly to be gained at a college. 

There is, however, a fourth method which must com 
mend itself to all practical men, and which is being 
more and more largely followed; it is also a nearer 
approach to the ideal. On leaving school the youth 
| of 17 or so enters a workshop as a boy at from 4s. to bs 
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a week, nid supplements this experience by evening | 
study ©) | feebnical training. In the workshop, work- | 
shop c(hods and current practice become familiar, 
while 1: nual dexterity, not to be despised, though of | 
yery secoudary importance, is also acquired ; from pri- 


vate rev ding theory may, in these days of innumera- 
ble boo ks ou every subject, be slowly but surely learned, 
put only at the cost, it is true, of patient, laborious 


study. echnical training, an entirely distinct thing, 
gs has iten been pointed out, can only be gained by 
attend: ice at some technical institute, or by years and 
years 0) painful and costly experience. It is this train- 
ing whicti is needed to enable the engineer to combine | 
theory «ud practice and to truly estimate the relative 


importance of the considerations urged on either side | 
for the ~olution of the problems he has to solve. 

The sdvantage of this fourth course is that a widen- | 
ing ranve of acquaintance with both practical and the- 
oretica! considerations and their relative importance is | 
acquired, and the risk of either preponderating un- 
duly is reduced, but against this must be set off the | 
extremely hard work entailed, which requires a tire- | 
less patience and perseverance in spite of the slow ap- | 
parent progress made. We are living, however, in an| 
age of lard work, particularly of hard mental work, 


THE NATURE OF CHEMICAL CHANGE AND 
THE CONDITIONS WHICH DETERMINE 


FoREMOST among the problems to which during re- 
cent years attention has been devoted is that of the 
nature of chemical change. While English workers 
especially have made most important contributions to 
our knowledge of the conditions under which change 
will oceur, foreign workers have been most active and 
successful in developing mathematical methods of 
treating the subject. Indeed, the statement recently 
made in a prominent chemical journal, that ‘It has 
certainly become impossible to read chemical theory 
without a working knowledge of the caleulus.” is a 


| striking comment on the alterationsin the conditions 


under which the chemist will work in the future, 
which must serve to remind us how very different a 
preparation students must now undergo if they desire 
to thoroughly master the theories of our science, 

The subject first came under consideration in this 
society just ten years ago. In the discussion on Mr, 
Bereton Baker’s paper on combustion in dried gases, 
1 ventured to insist that the evidence that action did 
not take place between two substauces was so strong 


FRESH TROOPS FROM SPAIN MARCHING THROUGH HAVANA, 


and the man whose constitution, whose funds, whose | 
patience and whose general education are sufficient, 

will find that this read will find him, broadly speaking, 

more competent. self-reliant and generally better fit to 

take a responsible post than his brethren who have 

chosen the other roads, but he may lave to wait till he 

is between 30 and 35 vefore his advantage becomes ap- 

parent.—The Electrical Engineer, England. 


SPANISH TROOPS IN CUBA. 


WE give illustrations of the war worthy to satisfy 
the natural curiosity of our readers. It shows the en- 
trance of the battalion of Tetuan in Havana, which 
arrived there recently on the steamer Santa Barbara. 
aren was through the street of O’Riely to the | 
zastle of Principe, where they were quartered. The 
reception was most enthusiastic. The commercial em- 


Ployes in Obrapia Street presented to the soldiers 
4.000 cigars, 


It is announced that the Montreal Bridge Company | 
has made arrangements with a New York syndicate 
fr construct a bridge over the St. Lawrence River | 
“rm Montreal to Longuevil at a cost of about | 


that chemists would ere long be foreed to form a 
definite conception of the nature of chemical action, 
and of the conditions under which chewical action 
could take place; and I then pointed out that phy- 
sicists were in advance of chemists, drawing atten- 
tion to Ayrton and Perry’s paper on the contact 
theory of voltaic action, in which it is directly stated 
that Ohm’s well-known iaw is equally applicable to 
electrical and chemical changes. + 

On the oceasion in question I defined chemical 
action as reversed electrolysis, and explicitly stated 
that in any case in which chemical action is to take 
place it is essential that the system of operation 
shall contain a material of the nature of an electro- 
lyte. The expression “chemical action” was used as 
including all cases of exothermic change, cases of en- 
dothermic change being obviously comparable with 


* Address by Dr. Armstrong, president, to the Chemical Society, England. 
—From Industries and Iron. 

+ Hitherto chemists have only employed the two ideas of chemical affinity 
and the amount of chemical action, but we have shown that these ideas are 
simplified when regarded as electromotive force of contact and currents of 


| electricity. To connect the two ideas we have a third, viz., resistance, and 
the electrical law of Ohm becomes the chemical law; the quantity of chem- 
ical action in unit times equals the sum of a great number of t-rma, each of 
which is an electromotive force divided 
Proc. Roy, Soc., 1887, 27, 287.) 


by aresistance, (Ayrton and Perry, 


direct electrolysis, as in ali such cases energy from 
without must be impressed on the system. 

Later in the year, at the British Association meet- 
ing at Aberdeen, in my address to the chemical sec- 
tion, I discussed the matter more fully, and then 
stated in so many words that the conditions which 
obtain in any voltaic element are those which must 
be fulfilled in every case of chemical action. 1 care- 
fally pointed out, however, that there was nothing 
new in this, and, to justify my assertion, drew atten- 
tion to various passages in Faraday’s ‘“ Experimental 
Researches in Electricity,” in which such a doctrine is 
laid down in the clearest possible terms.* Let me here 
again say that nothing is to me more surprising than 
the continued disregard of Faraday’s teaching on this 
subject. We know that in regard to purely electrical 
questions, even in this country, it was not until 
Clerk Maxwell came forward as his interpreter that 
attention became riveted upon his conceptions; and 
labroad, even Clerk Maxwell was disregarded until 
| Hertz’s experimental demonstration insured that re- 
|spect being paid to his pleadings which they were so 
long denied. Faraday’s views regarding chemical 
action have never yet received proper notice, although 
the language in which they are expressed is so simple 
and direct that they cannot be misunderstood, and 
their completeness is surprising. 

But one conception has been added to Faraday’s 
teaching—that ot “electrolytic or ionic dissociation or 
ionization.” Although introduced by Clausius in 1857, 
it lay dormant until it was reintroduced and applied 
by Arrhenius in 1884, who gave to the hypothesis a 
quantitative form; but it did not become popular 
until 1887, when Van’t Hoff introduced the conception 
of osmotie pressure. The successful application of the 
hypothesis in explanation of the abnormally high re- 
sults obtained in the ease of conducting solutions at 
onee secnred for it a very large measure of support. 
Whatever view may ultimately be taken of the hypo- 
thesis— whether it be retained us a permanent addition 
to our theories or not—its introduction has been emi 
nently fruitful of results, and an already too volumi- 
nous literature of the subject has grown up with sur- 
prising rapidity. Yet it appears to me that it has been 
accepted by a particular school—at the head of which 
stands Ostwald, and who regard and treat all unbe- 
lievers as heretics worthy of the stake—not as a mere 
working hypothesis, but as an absolute creed, with- 
out any cullinlent attempt having been made to dis 
cuss its general probability. And the application of 
Avogadro's axiom to solutions, however successful, as 
affording a mathematical method of discussing re- 
sults, in principle involves the complete disregard of 
the essential difference bet ween the liquid and gaseous 
states and of the fact that in liquids the molecules are 
subject to a control which they mutually exercise and 
which distinguishes the liquid from the gaseous state, 
Also it must not be forgotten that the arguments made 
use of apply almost entirely only to weak solutions— 
to solutions to which a law of simple proportionality 
may be expected to apply ; that, in fact, the region ex- 
plored is one in which the rate of change is represented 
practically by a straight line. Lastly, it is applicable 
only to electrolytes. Personally, | am still entirely un- 
convineed of the validity of the hypothesis, although 
no one can be more willing to admit that, in so far 
as weak solutions are concerned, a “Slaw” has been 
discovered which is broadly true in mathematical 
form, however open to question the fundamental 
premises may be on which it is based. I am sat- 
isfied also that the phenomena of chemical changes 
are, as a rule, far more complex in character than is 
assumed by the advocate of the hypothesis. 

If electrolysis, and, therefore, electrolytic conduc- 
tion, be—as I contend and have long contended—eon- 
ditioned by a conjoint influence exercised by the sol- 
vent, A, and the dissolved substance, B, there is, I 
imagine, no reason why other phenomena in which 
the conjoint influence of A and B comes into account 
should not be expressible in mathematically similar 
ways. In extenuation of such heresy I can only quote 
Clerk Maxwell's argument that if ina battery ase; tum 
be used which diminished the Giffusion, it is probable 
it will increase in exactly the same ratio the resistance 
of the element, because electrolytic conduction is a 
process the mathematical laws of which have the same 
form as those of diffusion, and whatever interferes 
with one must interfere equally with the other, the 
| only difference being that diffusion is always going on 

while the current flows only when the battery is in 
action, 

It has always appeared to me that the chief objec- 
tion to be urged against the ionic dissociation by po- 
thesis is the fact that, of the very large number of 
compounds known to us, extraordinarily few are 
electrolytes—not even metallic chlorides generally are 
conductors, but only a very limited number; and it is 
particularly remarkable that while such inactive sub- 
stances as lead and silver chlorides. when fused, are 
among the best conductors known, aluminum chloride 
—oue of the most active compounds with which we 
are acquainted—is apparently not an electrolyte. 
Electrolytes are clearly a very limited class, and if we 
consider the general properties of compounds which 
conduet more or less readily, whether alone or in solu- 
tion, and contrast them with compounds which are 
practically dielectrics, it is impossible to discover any 
good reason why “ionic disruption” should take place 
in the case of the one set and not in that of the other. 
And if, confining our attention to acids, we contrast 
those which in solution are apparently good conduct- 
ors with those that are bad conductors, there is again 
no satisfactory ‘**motive”™ for so considerable a differ- 
ence discoverable ; for example, taking sulphurie and 
acetic acid, why should the former suffer ionie dissocia- 
tion so readily and to so considerable an extent and 
the latter toso slight an extent? I imagine that it is 
fair for the purpose to regard the acids as modified 
water, and to assume that theslight tendency of water 
to undergo ionie dissociation—of which more later on 
—is enhanced by the association of the water with the 
oxygenated group, and that wnereas sulphuric anhy- 
dride has a marked effect. acetic anhydride has a very 
slight one. Yet this is hardly satisfactory, and would 
probably involve the conclusion that sulphuric avid 
should diminish in conductivity as the temperature is 
raised, as it then dissociates into anhydride and water; 


* Series VII, §§ 850, 868, 859; VILI, §§ S69, 918, 
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the very different behavior of suipherie ne acetic ! C atartiies showing that solutions of hydrogen chloride 


acids when vaporized, the former, but not the latter, 
undergoing dissociation, may be regarded as an indi- | 
eation that a similar change does not take place in the 
case of acetic acid, and, therefore, it might be suppos- 
ed that acetic acid would undergo ionic dissociation to 
a far greater extent than is assumed to be the case as 
a consequence of the anhydride retaining its influence. 

It may possibly be contended, as it has been in the 
ease of water, that compounds yenerally are conduc 
tors toa very slight extent ; but as all bad conductors 
seem to become worse conductors as they are more 
carefully purified, the burden of proof rests upon those 
who make such an assertion ; and it is not in accord 
with the fact that very many such compounds are as 
active as compounds which conduct well, and which 


are therefore, by hypothesis, more or less fully disso- | 


ciated, For example, acid chlorides generally act on 
alcohols generally with very considerable readiness 
under conditions under which the hal-hydrides pro- 
duce buat a slight effect. 

With revard to water itself, to argue, as Arrhenius, 
Ostwaid and others have done, from the hydrolytic 
action of water on the salts of weak acids and bases, 
that water to a certain but very small extent con- 
tains ions, that is, H and OH, is but to beg the ques- 
tion entirely, and a clear case of reasoning in a circle. 

The recent redetermination of the electrical conduc- 
tivity of water by F. Konlrausch and Heidweiller gives 
the value 0°04. 10-'° at 18°, instead of 0°25. 10-"° pre 
viously arrived at by F. Koblrauseh. Toese authors 
have deduced from their results a value for the con- 
ductivity of pure water, viz., 10". «= —0°0861. They 
caleulate that if this ¢ onductivity be due to the pres- 
ence of water ions, a cubie meter of water at 18° would 
contain 0-08 milligramme of dissociated bydrogen ious; 
and point out that if present only in this excessively 
minute proportion there would still be milliards of atoms 
of hydrogen per cubic millimeter, and neighboring 
atoms would be separated by distances of the order of 
light waves in dimension. These conclusions, how 
ever, are based on the acceptance of the view put for- 
ward, by Arrhenius, that the dissociated ions alone 
conduct the current—from my point of view, there- 
fore, it is a case of deducing one unknown with the aid 
of another unknown—of proving one assumption by 
another assumption, which is admitredly an unsatisfac- 
tory proceeding. | venture to think that it is still 
open to question whether pure water, indeed, whether 
any pure substance outside a verv limited number, 
perhaps, such as the silver haloids, ete., be an elec- 
trolyte. Minute in the highest degree as the amount 
of impurity in the water examined by Kohirauseh and 
Heidweiller must have been, yet even this may have 
exercised a very considerable effect, and in faet there 
is clear evidence in the paper that an extremely minute 
amount of impurity does so act. Moreover, the differ- 
ence between the lowest observed value and the cor- 
rected value appears disproportionately small when 
the reduction of the value previously obtained by 
Kohlrauseh, effected by the removal of what after all 
must have been a very minute amount of impurity, 
is considered, The point isone of the utmost import- 
ance, and cannot be lightly brushed aside. 

The methods made use of in calculating the amount 
of iouie dissociation of water are apparently all open 
to the criticism that they are based on eminently 
hypothetical premises, and it is particularly open to 
question whether the phenomena from whien funda- 
mental values have been deduced have received the 
proper interpretation. For example, the origin of the 
E.M.F. developed in liquid couples such as have been 
studied by Worm Miiller, and much later by Nernst, 
and of the concentration currents of Von Helmholtz, is 
by no means clear. Nernst assumes that in sach cases 
forces acting at the electrode surfaces are entirely 
eliminated, but, if so, it is not clear why any more 
than when an acid neutralizes an alkali an E.M.F 
should be developed, for [ imagine that in all such 
vases the changes take place within closed circuits. 
In fine, 1 am inclined to doubt whether polarization 
effects can be regarded as eliminated ; the inquiry 
must be included with that into the existence of a true 
contact difference of potential independent of chem- 
ical change. The values deduced by Ostwald are 
based on the study of couples of the form : platinum. 
hydrogen | acid | alkali | hydrogen-platinum, and it is 
assumed that the E.M.F. developed is due to the for- 
mation at the one electrode of water from the bydro- 
gen and the OH ions in the liquid, and at the other of 
hydrogen from hydrogen ions in che liquid, and the 
hydrogen of the electrode. Unfortunately, the de- 
scription promised of the experiments has not yet 
been given, and it is therefore difficult to criticise 
them; it is not impossible, however, that the real 
cause of the E.M.F. was dissolved oxygen. 

Pure liquids do not conduct, aecording to Kobhl- 
rausch, beeause (as Ostwald has put it, Brit. Assoc. 
Report, 1890, 335) their molecules have nospace within 
which to resolve themselves into ions, and it is there- 
fore not improbable that water would conduct 
electrolytically ; and L presume that Ostwald meant 
even toimply that it would bea good conductor, as 
he immediately afterward spoke of water, too, con- 
taining ions to a certain but very smali extent—if we 
could find a suitable solvent for it. But we never 
have found a suitable solvent, unless it be hydrogen 
chloride. The fact that single substances, such as 
the silver haloids, when liquetied, readily conduet, 
would appear in itself to be a sufficient argument in 
controversion of Kohlrausch’s explanation of the in- 
fluence of the solvent. Moreover, it is to be supposed 
that any liquid capable of acting as a solvent should 
condition electrolysis if the function of the solvent 
be but to act as a sereen, 

Asa matter of fact, there is good reason to think 
that among liquids water is the only effective solvent 
that we can use. 

Alcoholic and some other solutions, it is true, con- 
duct more or less well, but it is by no means impro- 
bable that when every precaution is taken to deal 
with highly purified materials, and especially to dehy- 
drate the alcohol as fully as possible, such solutions 
will be found to be practically destitute of conducting 
power. This is the more likely now that Perkin has 
established the incorrectness of the supposition that 
until recently has always been made that hydrogen 
chloride. when dissolved in alcohol, acts fairly readily 
on it (Trans., 1894, 23). The observations made by 


jin stannic ¢ hloride are but v3 conductive are also 
significant (Phil. Mag , 1890, 29, 303).* 

If it be assumed that aa pure water is to some 
slight extent dissociated; it is, at least, probable that 
liquid hydrogen chloride would contain some small 
proportion of ions prior to admixture with water; 
and, in point of fact, it is impossible to urge any 
reason why the one compound should be regarded as 
more dissociated than the other in the pure state. 
Yet the “ionists” not only assert that when hydrogen 
chloride dissolves in water it becomes almost com- 
pletely separated into its ions, but make the arbitrary 
assumption that practically it alone is dissociated, the 
extent to which the water is dissociated being, indeed, 
diminished by its admixture with hydrogen chloride 
according to their view. 
mental importance as bearing ov the validity of the 
argument on which Ostwald and others have sought 
to base a method of determining the heat of forma- 
tion of water from its ions and on the interpretation 
they have given of the changes attending the neu- 
tralization of acids by alkalies. 


A PORTABLE PHONOGRAPH. 


| Mr. WERNER has just devised a new style of phono- 
graph that seems to us to possess qualities that render 
it thoroughly practical and within the reach of all. 
The different apparatus hitherto described in these 
pages have given excellent results, but have not rea- 


|fire and the water must not boil violently.” 
This question is of funda- 


lized as well as the one under consideration all the 
desiderata that we have a right to expect from a} 
family apparatus. The principal parts of the ‘loud 


speaker” do not differ essentiaily from those of the 
primitive phonograph. We find therein the wax 


eylinder of the same form as that of the usual Edison 
model; parallel with this a carriage, A, to whieh is 
added the registering disk or the speaking one and 
the cornet for allowing speech or song to be heard by 
a room full of people, or, if preferred, a thin tube of | 
rubber for individual listening. 

In Figs. 3 and 4 are shown the two principal parts, 
the register and the transmitter, which have been 
vreatly improved since the Edison invention of 1878. | 
The essential part in both is a disk of mica closing a! 


boiling rice) inserted therein. The walls of th: 
place are carried up a short distance and a mw, 
frame placed across the opening. A large earthe: 
vessel is then placed inverted over the top. It is wad@ 
to fit more or less closely to prevent (as far as is safe 
the eseape of vapor. The pieces of wood are eli oped 
off from the tree with au adz diagonally to the craig 
Each piece of wood is then beaten till it splits more ge 
less up along the grain. This 1s to expose the surfaegg 
where the camphor lies. Some of the pieces of wong 
are about the size of one’s hand, or less. The slices apg 
not very thick. Water—not too much—is put into the 
iron vessel. The prepared pieces of wood are place@ 
on the top of the meshed frame. A wood or charcog} 
fire ia lighted under the iron vessel. It must be a slow 
The 
method, though cumbersome and uneconomical, hag 
been followed for generations, and will probably con 
tinue to be resorted to so long as there is a camphop 
tree left in the island.—The Chemist and Druggist. 
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iwaterial, which is adjusted to the carriage, A. 
latter carries a bent tube and the various parts for the 
registering or reproduction of the sounds. When it is 


OGRAPH, 


PHON 


THE WERNER 
apparatus with its cover. 2. 


The portable 
3. Registering disk. 


details of the 
duction of speech 


desired to inscribe speech or a song upon the evlinder, | 
a mica disk carrying a small Knife '3) is used. 
cylinder is set in motion by ungearing the clock work | 
movement, and one places at an ineh or so from the 


mouth a small cornet fixed to the extremity of a flexible | y 


tube, whose other end is adjusted to the free part of 
the carriage. 

When it is afterward desired to reproduce what 
has thus been registered, the other disk (4) is substi- | 
tuted for the first. It will be remarked that this dif-| 
fers entirely from the other, 
point that rests upon the cvlinder is not in the center} 
of the vibrating disk, but at the side, and is connected 
with the center through a lever. These arrangements 
have been especially studied, :nd it is to them that is 
due the purity of the articulation and the intensity of 


the sound that the apparatus under consideration | 
The result is such that, even without the addi- | 


ives 
tion of any accessory, what the apparatus says may 
be understood at a distance. The clockwork 
tributes in a large measure toward rendering the ap- 
paratus practical. It is so constructed as to be entire- 
ly hidden in the base of the apparatus, the dimensions 
of which are 10 by 6by5 inches. The regulating part, 
although not absolutely new, is very interesting. It 
consists of a ball governor, D, whieh causes a disk, P, 
to approach or rec cede aceording to the velocity of a 
stop, |, forming a brake. The position of this stop is 
regulatable at will by means of a lever, C, which is 
acted upon by a serew, B. The starting or stopping 
of the motion is effected by means of the handle, M, 
which, through a flexible rod, acts directly upon the 
lever. 

It is therefore very easy to vary the velocity. of the 
registering cylinder, and nothing is more curious than | 
tu make it rapidly repeat what has been slowly pro- 
nounced. When, especially, one listens to his own voice, 
the effect is exceedingly surprising. —La Nature. 


CAMPHOR MAKING IN FORMOSA. 


THE Rev. George Ede, of the English Presbyterian 
Mission in Formosa, gives the following account of the 
process for recovering camphor adopted by the Chi- 
nese distillers in the island: ‘* A fireplace is built and | 
a shallow iron vessel (the kind used in Formosa for 


* These observations require to be repeated, taking every possible pre- 
caution to exclude moisture. 
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